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(57) ABSTRACT 

The present invention discloses compositions and method 
ologies for the utilization of probiotic organisms in thera 
peutic compositions. More speci?cally, the present inven 
tion relates to the utilization of one or more species or strains 
of lactic acid-producing bacteria, preferably strains of Bacil 
lus coagulans, for the control of gastrointestinal tract 
pathogens, including antibiotic-resistant gastrointestinal 
tract pathogens, and their associated diseases by both a 
reduction in the rate of colonization and the severity of the 
deleterious physiological effects of the colonization of the 
antibiotic-resistant pathogen. In addition, the present inven 
tion relates to the utilization of therapeutic compounds 
comprised of lactic acid-producing bacteria and anti 
microbial agents such as antibiotics, anti-fungal compounds, 
anti-yeast compounds, or anti-viral compounds. The present 
invention also discloses methodologies for: the selective 
breeding and isolation of probiotic, lactic acid-producing 
bacterial strains Which possess resistance or markedly 
decreased sensitivity to anti-microbial agents (e.g., 
antibiotics, anti-fungal agents, anti-yeast agents, and anti 
viral agents); and (ii) treating or preventing bacteria 
mediated infections of the gastrointestinal tract by use of the 
aforementioned probiotic bacterial strains With or Without 
the concomitant administration of antibiotics. While the 
primary focus is on the treatment of gastrointestinal tract 
infections, the therapeutic compositions of the present 
invention may also be administered to buccal, vaginal, optic, 
and like physiological locations. 

14 Claims, 4 Drawing Sheets 
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FIG. 1 

Characteristic Bacillus coagulans Response 1 

Catalase production Yes 

Acid from D-Glucose Yes 

Acid from L-Arabinose Variable 

Acid from D-Xylose Variable 

Acid from D-Mannitol Variable 

Gas from Glucose Yes 

Hydrolysis of Casein Variable 

Hydrolysis of Gelatin No 

Hydrolysis of Starch Yes 

Utilization of Citrate Variable 

Utilization of Propionate No 

Deamidation of Tyrosine No 

Degradation of No 

Phenylalanine 

Nitrate reduced to Nitrite Variable 

Allatoin or Urate Required No 
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FIG. 2 

Mycotic Pathogen Associated Disease Inhibition Results j 
T. mentagrophytcs Tinea pedis Excellent 
(ATCC N0. 4808) (Alhlete’s Foot) 
T i'nterdigitabe Tinea pedis Excellent 
(ATCC N0. 9129) (Athlete‘s Foot) 
T. mentagrophytes Tinea versicolor Excellent 

(ATCC No. 36107) (Ring Worm) 
T. menagrophytes Tinea barbae Good 
(ATCC N0. 8125) (Face 8: Neck 

In?ammation) 
T. mentagrophytes Tinca pedis Excellent 
(ATCC N0. 9533) (Athlete’s Foot) 
T. mentagrophytes 'l‘inea pedis Excellent 
(A TCC No. 28187) (Athlete’s Foot) 
T. rubrum Mild Dermatophytosis Good 
(ATCC No. 18753) 
T. yaoundei Ring Worm, Scalp Good 
(ATCC N0. U947) 
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FIG. 3 

Species Pathology inhibition Results 
Candida abbicans Chronic Mucocutaneous, Excellent 
(A TCC No‘ 26555‘) Candidiasis, Myositis 

and Tliymoma 
C. albicans Systemic Candidiasis Excellent 
(A TCC No. 44203) 

C. albicans Yeast and Mycelial Phase Excellem 
(A TCC No. 44807) 

C. rropicauis Cervical Yeast Infection Excellent 
(A TCC N0. 623 77) 
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FIG. 4 

Formulation l: Cephalosporin 
Bacillus coagulans 
Ccfaclor (antibiotic) 
Fructo-oligosacchaiidcs (FOS) 
Total 
Formulation 2: 
Bacillus coagulans 
Azithromycin (antibiotic) 
Micro~crystallinc cellulose 
Total 

Macrolide 

Formulation 3: 
Bacillus coagulans 
Ampicillin (antibiotic) 
Fructo-oligosaccharidcs (FOS) 
Total 

Penicillin Family 
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1x109 spores (10 mg) 
250 mg 
90 mg 
350 milligrams 

1x109 spores (l0 mg) 
250 milligrams 
90 mg 
350 mg 

[xi-09 spores (10 mg) 
250 mg 
240 mg 
500 mg 

Formulation 4: Penicillin Family (A ugmentin} 
Bacillus coagulans 
Amoxacillin (antibiotic) 
Clavulanatc 
Magnesium stcrate 
Total 

Formulation 5: 
Bacillus coagulans 
Cipro?oxacin (antibiotic) 
Magnesium citrate 
M icro-crystallinc cellulose 
Total 

Fluoroquinolone 

Formulation 6: 
Bacillus coagulans 
Vancomycin (antibiotic) 
Micro-cwstallinc ccllulosc 
Total 

Va 11 c0 mycin 

1x109 spores (10 mg) 
200 mg 
31.25 mg 
73.75 mg 
350 mg 

lxlO9 spores (l0 mg) 
250 mg 
l0 mg 
80 mg 
350 mg 

1x109 spores (10 mg) 
250 mg 

350 mg 
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PROBIOTIC, LACTIC ACID-PRODUCING 
BACTERIA AND USES THEREOF 

This application claims the bene?t of Ser. No 60/097, 
594, ?led Aug. 24, 1998. 

FIELD OF THE INVENTION 

The present invention relates to methods and composi 
tions for the utilization of probiotic organisms in therapeutic 
compositions. More speci?cally, the present invention 
relates to the utilization of one or more species or strains of 
lactic acid-producing bacteria, preferably strains of Bacillus 
coagulans, for the control of gastrointestinal tract pathogens, 
including antibiotic-resistant gastrointestinal tract 
pathogens, and their associated diseases by both a reduction 
in the rate of coloniZation and the severity of the deleterious 
physiological effects of the coloniZation of the antibiotic 
resistant pathogen. In addition, the present invention relates 
to the utiliZation of therapeutic compounds comprised of 
lactic acid-producing bacteria and anti-microbial agents 
such as antibiotics, anti-fungal compounds, anti-yeast 
compounds, or anti-viral compounds. In addition, the 
present invention relates to the use of lactic acid-producing 
bacteria in animals to mitigate gastrointestinal tract patho 
gens. 

BACKGROUND OF THE INVENTION 
1. Probiotic Microorganisms 
The gastrointestinal micro?ora has been shoWn to play a 

number of vital roles in maintaining gastrointestinal tract 
function and overall physiological health. For example, the 
groWth and metabolism of the many individual bacterial 
species inhabiting the gastrointestinal tract depend primarily 
upon the substrates available to them, most of Which are 
derived from the diet. See e.g., Gibson G. R. et al., 1995. 
Gastroenterology 106: 975—982; Christl, S. U. et al., 1992. 
Gut 33: 1234—1238. These ?nding have led to attempts to 
modify the structure and metabolic activities of the com 
munity through diet, primarily With probiotics Which are live 
microbial food supplements. The best knoWn probiotics are 
the lactic acid-producing bacteria (i.e., Lactobacilli) and 
Bi?dobacteria, Which are Widely utiliZed in yogurts and 
other dairy products. These probiotic organisms are non 
pathogenic and non-toxigenic, retain viability during 
storage, and survive passage through the stomach and small 
intestine. Since probiotics do not permanently coloniZe the 
host, they need to be ingested regularly for any health 
promoting properties to persist. Commercial probiotic 
preparations are generally comprised of mixtures of Lacto 
bacilli and Bi?dobacteria, although yeast such as Saccharo 
myces have also been utiliZed. 

Probiotic preparations Were initially systematically evalu 
ated for their effect on health and longevity in the early 
1900’s (see e.g., Metchinikoff, E., Prolongation of Life, 
Willaim Heinermann, London 1910), although their utiliZa 
tion has been markedly limited since the advent of antibi 
otics in the 1950’s to treat pathological microbes. See e.g., 
Winberg, et al, 1993. Pediatr Nephrol. 7: 509—514; Malin et 
al, Ann. Nutr Metab. 40: 137—145; and US. Pat. No. 
5,176,911. Similarly, lactic acid-producing bacteria (e.g., 
Bacillus, Lactobacillus and Streptococcus species) have 
been utiliZed as food additives and there have been some 
claims that they provide nutritional and/or therapeutic value. 
See e.g., Gorbach, 1990. Ann. Med. 22: 37—41; Reid et al, 
1990. Clin. Microbiol. Rev. 3: 335—344. 

Therefore, probiotic microorganisms are those Which con 
fer a bene?t When groW in a particular environment, often by 
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2 
inhibiting the groWth of other biological organisms in the 
same environment. Examples of probiotic organisms include 
bacteria and bacteriophages Which possess the ability to 
groW Within the gastrointestinal tract, at least temporarily, to 
displace or destroy pathogenic organisms, as Well as pro 
viding other bene?ts to the host. See e.g., Salminen et al, 
1996. Antonie Van Leeuwenhoek 70: 347—358; Elmer et al, 
1996. JAMA 275: 870—876; Rafter, 1995. Scand. J. Gastro 
enterol. 30: 497—502; Perdigon et al, 1995. J. Dairy Sci. 78: 
1597—1606; Gandi, Townsend Lett. Doctors & Patients, pp. 
108—110, January 1994; Lidbeck et al, 1992. Eur. J. Cancer 
Prev. 1: 341—353. 

The majority of previous studies on probiosis have been 
observational rather than mechanistic in nature, and thus the 
processes responsible for many probiotic phenomena have 
yet to be quantitatively elucidated. Some probiotics are 
members of the normal colonic micro?ora and are not 
vieWed as being overtly pathogenic. HoWever, these organ 
isms have occasionally caused infections (e.g., bacteremia) 
in individuals Who are, for example, immunocompromised. 
See e.g., Sussman, J. et al., 1986. Rev Infect. Dis. 8: 
771—776; Hata, D. et al., 1988. Pediatr Infect. Dis. 7: 
669—671. 
While the attachment of probiotics to the gastrointestinal 

epithelium is an important determinant of their ability to 
modify host immune reactivity, this is not a universal 
property of Lactobacilli or Bi?dobacteria, nor is it essential 
for successful probiosis. See e.g., Fuller, R., 1989. J. Appl. 
Bacteriol. 66: 365—378. For example, adherence of Lacto 
bacillus acidophilus and some Bi?dobacteria to human 
enterocyte-like CACO-2 cells has been demonstrated to 
prevent binding of enterotoxigenic and enteropathogenic 
Escherichia coli, as Well as Salmonella typhimurium and 
Yersinia pseudotuberculosis. See e.g., Bernet, M. F. et al., 
1994. Gut 35: 483—489; Bernet, M. F. et al., 1993. Appl. 
Environ. Microbiol. 59: 4121—4128. 
While the gastrointestinal micro?ora presents a 

microbial-based barrier to invading organisms, pathogens 
often become established When the integrity of the micro 
biota is impaired through stress, illness, antibiotic treatment, 
changes in diet, or physiological alterations Within the G.I. 
tract. For example, Bi?dobacteria are knoWn to be involved 
in resisting the coloniZation of pathogens in the large intes 
tine. See e.g., YamaZaki, S. et al., 1982. Bi?dobacteria and 
Micro?ora 1: 55—60. Similarly, the administration of Bi? 
dobacteria breve to children With gastroenteritis eradicated 
the causative pathogenic bacteria (i.e., Campylobacter 
jejuni) from their stools (see e.g., Tojo, M., 1987. Acta 
Pea'iatr Jpn. 29: 160—167) and supplementation of infant 
formula milk With Bi?dobacteria bi?a'um and Streptococcus 
thermophilus Was found to reduce rotavirus shedding and 
episodes of diarrhea in children Who Were hospitaliZed (see 
e.g., Saavedra, J. M., 1994. The Lancet 344: 1046—109. 

In addition, some lactic acid producing bacteria also 
produce bacteriocins Which are inhibitory metabolites Which 
are responsible for the bacteria’s anti-microbial effects. See 
e.g., Klaenhammer, 1993. FEMS Microbiol. Rev. 12: 39—85; 
Barefoot et al., 1993. J. Diary Sci. 76: 2366—2379. For 
example, selected Lactobacillus strains Which produce anti 
biotics have been demonstrated as effective for the treatment 
of infections, sinusitis, hemorrhoids, dental in?ammations, 
and various other in?ammatory conditions. See e.g., US. 
Pat. No. 5,439,995. Additionally, Lactobacillus reuteri has 
been shoWn to produce antibiotics Which possess anti 
microbial activity against Gram negative and Gram positive 
bacteria, yeast, and various protoZoan. See e.g., US. Pat. 
Nos. 5,413,960 and 5,439,678. 
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Probiotics have also been shown to possess anti 
mutagenic properties. For example, Gram positive and Gram 
negative bacteria have been demonstrated to bind mutagenic 
pyrolysates Which are produced during cooking at a high 
temperature. Studies performed With lactic acid-producing 
bacteria has shoWn that these bacteria may be either living 
or dead, due to the fact that the process occurs by adsorption 
of mutagenic pyrolysates to the carbohydrate polymers 
present in the bacterial cell Wall. See e.g., Zang, X. B. et al., 
1990. J. Dairy Sci. 73: 2702—2710. Lactobacilli have also 
been shoWn to degrade carcinogens (e.g., N-nitrosamines), 
Which may serve an important role if the process is subse 
quently found to occur at the level of the mucosal surface. 
See e.g., RoWland, I. R. and Grasso, P.,Appl. Microbiol. 29: 
7—12. Additionally, the co-administration of lactulose and 
Bi?dobacteria longum to rats injected With the carcinogen 
aZoXymethane Was demonstrated to reduce intestinal aber 
rant crypt foci, Which are generally considered to be pre 
neoplastic markers. See e.g., Challa, A. et al., 1997. Car 
cinogenesis 18: 5175—21. Puri?ed cell Walls of 
Bi?dobacteria may also possess anti-tumorigenic activities 
in that the cell Wall of Bi?dobacteria infantis induces the 
activation of phagocytes to destroy groWing tumor cells. See 
e.g., Sekine, K. et al., 1994. Bi?dobacteria and Micro?ora 
13: 65—77. Bi?dobacteria probiotics have also been shoWn 
to reduce colon carcinogenesis induced by 1,2 
dimethylhydraZine in mice When concomitantly adminis 
tered With fructo-oligosaccharides(FOS; see e.g., Koo, M. 
B., and Rao, A. V., 1991. Nutrit. Rev. 51: 137—146), as Well 
as inhibiting liver and mammary tumors in rats (see e.g., 
Reddy, B. S., and Rivenson, A., 1993. Cancer Res. 53: 
3914—3918). 

It has also been demonstrated that the microbiota of the 
gastrointestinal tract affects both mucosal and systemic 
immunity Within the host. See e.g., Famularo, G. et al., 
Stimulation of Immunity by Probiotics. In: Probiotics.‘ 
Therapeutic and Other Bene?cial E?ects. pg. 133—161. 
(Fuller, R., ed. Chapman and Hall, 1997). The intestinal 
epithelial cells, blood leukocytes, B- and T-lymphocytes, 
and accessory cells of the immune system have all been 
implicated in the aforementioned immunity. See e.g., 
Schiffrin, E. J. et al., 1997. Am. J. Clin. Nutr. 66(suppl): 
5—20S. Other bacterial metabolic products Which possess 
immunomodulatory properties include: endotoXic 
lipopolysaccharide, peptidoglycans, and lipoteichoic acids. 
See e.g., Standiford, T. K., 1994. Infect. Linmun. 62: 
119—125. Accordingly, probiotic organisms are thought to 
interact With the immune system at many levels including, 
but not limited to: cytokine production, mononuclear cell 
proliferation, macrophage phagocytosis and killing, modu 
lation of autoimmunity, immunity to bacterial and protoZoan 
pathogens, and the like. See e.g., Matsumara, K. et al., 1992. 
AnimalSci. Technol. (Jpn) 63: 1157—1159; Solis-Pereyra, B. 
and Lemmonier, D., 1993. Nutr. Res. 13: 1127—1140. Lac 
tobacillus strains have also been found to markedly effect 
changes in in?ammatory and immunological responses 
including, but not limited to, a reduction in colonic in?am 
matory in?ltration Without eliciting a similar reduction in the 
numbers of B- and T-lymphocytes. See e.g., De Simone, C. 
et al., 1992. Immunopharmacol. Immunotoxicol. 14: 
331—340. 
2. Gastrointestinal Effects of Antibiotic Administration 

Antibiotics are Widely used to control pathogenic micro 
organisms in both humans and animals. Unfortunately, the 
Widespread use of anti-microbial agents, especially broad 
spectrum antibiotics, has resulted in a number of serious 
clinical consequences. For eXample, antibiotics often kill 
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4 
bene?cial, non-pathogenic microorganisms (i.e., ?ora) 
Within the gastrointestinal tract Which contribute to digestive 
function and health. Accordingly, relapse (the return of 
infections and their associated symptoms) and secondary 
opportunistic infections often result from the depletion of 
lactic acid-producing and other bene?cial ?ora Within the 
gastrointestinal tract. 

Unfortunately, most, if not all, lactic acid-producing or 
probiotic bacteria are extremely sensitive to common anti 
biotic compounds. Accordingly, during a normal course of 
antibiotic therapy, many individuals develop a number of 
deleterious physiological side-effects including: diarrhea, 
intestinal cramping, and sometimes constipation. These 
side-effects are primarily due to the non-selective action of 
antibiotics, as antibiotics do not possess the ability to 
discriminate betWeen bene?cial, non-pathogenic and patho 
genic bacteria, both bacterial types are killed by these 
agents. Thus, individuals taking antibiotics offer suffer from 
gastrointestinal problems as a result of the bene?cial micro 
organisms (i.e., intestinal ?ora), Which normally coloniZe 
the gastrointestinal tract, being killed or severely attenuated. 
The resulting change in the composition of the intestinal 
?ora can result in vitamin de?ciencies When the vitamin 
producing intestinal bacteria are killed, diarrhea and dehy 
dration and, more seriously, illness should a pathogenic 
organism overgroW and replace the remaining bene?cial 
gastrointestinal bacteria. 

Another deleterious result of indiscriminate use of anti 
microbial agents is the generation of multiple antibiotic 
resistant pathogens. See e.g., Mitchell, P. 1998. The Lancet 
352: 462—463; Shannon, K., 1998. Lancet 352: 490—491. 
The initial reports of meticillin-resistant Staphylococcus 
aurous (MRSA) infections have been over-shadoWed by the 
more recent outbreaks of vancomycin-resistant Enterococci 
(VRE). The development of such resistance has led to 
numerous reports of systemic infections Which remained 
untreatable With conventional antibiotic therapies. Recently, 
a vancomycin-(generally regarded as an antibiotic of “last 
resort”) resistant strain of Staphylococcus aurous Was 
responsible for over 50 deaths in a single Australian hospital. 
See e.g., Shannon, K., 1998. Lancet 352: 490—491. 

Enterococci are currently a major nosocomial pathogen 
and are likely to remain as such for a long period of time. 
Enterococci, as Well as other microbes, obtain antibiotic 
resistance genes in several different Ways. For eXample, 
Enterococci emit pheromones Which cause them to become 
“sticky” and aggregate, thus facilitating the eXchange of 
genetic material, such as plasmids (autonomously 
replicating, circular DNA Which often carry the antibiotic 
resistance genes). In addition, some Enterococci also pos 
sess “conjugative transposons” Which are DNA sequences 
that alloW them to directly transfer resistance genes Without 
plasmid intermediary. It is believed that penicillin resistance 
has been conferred from Enterococci to Streptococci to 
Staphylococci through this later mechanism. 

Since 1989, a rapid increase in the incidence of infection 
and coloniZation With vancomycin-resistant Enterococci 
(VRE) has been reported by numerous hospitals Within the 
United States. This increase poses signi?cant problems, 
including: the lack of available anti-microbial therapy for 
VRE infections, due to the fact that most VRE are also 
resistant to the drugs Which Were previously used to treat 
such infections (e.g. Aminoglycosides and Ampicillin); and 
(ii) the possibility that the vancomycin-resistant genes 
present in VRE can be transferred to other gram-positive 
microorganisms (e.g., Staphylococcus aureus). 
An increased risk for VRE infection and coloniZation has 

also been associated With previous vancomycin and/or 
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multi-anti-microbial therapy, severe underlying disease or 
immunosuppression, and intra-abdominal surgery. Because 
Enterococci can be found Within the normal gastrointestinal 
and female genital tracts, most enterococcal infections have 
been attributed to endogenous sources Within the individual 
patient. HoWever, recent reports of outbreaks and endemic 
infections caused by Enterococci, including VRE, have 
indicated that patient-to-patient transmission of the micro 
organisms can occur through either direct contact or through 
indirect contact via the hands of personnel; or (ii) 
contaminated patient-care equipment or environmental sur 
faces. 

Accordingly, there remains a need for a highly ef?cacious 
biorational therapy Which functions to mitigate the delete 
rious physiological effects of digestive pathogens, including 
antibiotic-resistant gastrointestinal tract pathogens, in both 
humans and animals, by the coloniZation (or 
re-coloniZation) of the gastrointestinal tract With probiotic 
microorganisms, folloWing the administration of antibiotics, 
anti-fungal, anti-viral, and similar agents. Additionally, a 
need as remains for the development of a highly efficacious 
biorational therapy Which functions to mitigate antibiotic 
resistant digestive pathogens, in both humans and animals, 
by the coloniZation (or re-coloniZation) of the gastrointes 
tinal tract With probiotic microorganisms, folloWing the 
administration of antibiotics, anti-fungal, anti-viral, and 
similar agents, by functioning to reduce both the coloniZa 
tion rate and the potential physiologically deleterious effects 
due to the coloniZation of antibiotic-resistant digestive 
pathogens. 

SUMMARY OF THE INVENTION 

The present invention discloses methodologies for the 
selective breeding and isolation of antibiotic-resistant, lactic 
acid-producing bacterial strains for utiliZation in various 
types of therapeutic applications. For eXample, in one spe 
ci?c embodiment, these lactic acid-producing bacteria are 
co-administered With one or more anti-microbial com 

pounds (e. g., antibiotics, anti-mycotic compounds, anti-viral 
compounds, and the like). It should be noted that, in most 
clinical and scienti?c ?elds, the production or evolution of 
antibiotic resistant microorganisms is an undesirable conse 
quence of unnecessary issue and/or improper use of antibi 
otics compounds. HoWever, the present invention serves to 
constructively produce bacteria that possess resistance to a 
single, as opposed to multiple, antibiotics. 

In another related aspect, the present invention discloses 
compositions and methodologies for the utiliZation of these 
compositions comprising non-pathogenic, probiotic lactic 
acid-producing bacteria Which are used to mitigate the 
deleterious physiological effects of gastrointestinal tract 
pathogens, including antibiotic-resistant gastrointestinal 
tract pathogens, in both humans and animals, by the colo 
niZation (or more-correctly, re-coloniZation) of the gas 
trointestinal tract With probiotic microorganisms, folloWing 
the administration of antibiotics, anti-fungal, anti-viral, and 
similar agents. 

Additionally, the present invention relates to the use of 
lactic acid-producing bacteria to mitigate the effects of 
parasites and pathogens in animals. 
1. Co-Administration of Probiotic Bacterial With Anti 
Microbial Compounds 

It has been demonstrated that common and antibiotic 
resistant digestive pathogens can be controlled With the 
utiliZation of particular probiotic organisms that have been 
identi?ed for their ability to remain viable in the gastrointes 
tinal tract during antibiotic therapy. HoWever, it should be 
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noted that, prior to the disclosure of the present invention, 
most strains of probiotic bacteria (e.g., Lactobacillus, 
Bi?diobacterium, and Bacillus) Were found to be sensitive to 
the majority of antibiotics, hence they Were not particularly 
suitable for co-administration With broad-spectrum antibi 
otics. 

Accordingly, in the present invention, strains of Bacillus 
coagulans Were isolated and identi?ed for their ability to 
remain viable When eXposed to typical therapeutic concen 
trations of antibiotics that are commonly used to mitigate 
digestive pathogens. These neW Bacillus variants disclosed 
herein may be administered prior to, concomitantly With, or 
subsequent to the administration of antibiotics. In a pre 
ferred embodiment, these Bacillus strains are 
co-administered in combination With the selected antibiotic 
Which they are resistant to. 
One probiotic bacterial strain disclosed by the present 

invention is Bacillus coagulans GB-M—a neW variant or 
mutant of Bacillus coagulans AT CC No. 31284. Bacillus 
coagulans GB-M has been demonstrated to be resistant to 
Macrolide antibiotics such as AZithromycin, Erythromycin 
and other similar antibiotic compounds. The advantages of 
using a biological in combination With a chemical antibiotic 
or the concurrent use of a biological With a chemical serves 

to address the many haZards and side effects of antibiotic 
therapy. In addition, the use of these aforementioned 
variants, as Well as other lactic acid-producing biorationals, 
in combination With chemotherapy drugs and anti-fungal 
Would be of great bene?t to those taking these compounds, 
due to the fact that these individuals, more often than not, 
suffer from side effects Which are a direct result of depleted 
“normal” gastrointestinal ?ora. 

In addition to the aforementioned aspects of the present 
invention, the utiliZation of bi?dogenic oligosaccharides 
(e.g., fructo-oligosaccharides (FOS)) are bene?cial to facili 
tate the re-establishment and proliferation of other bene?cial 
lactic acid-producing bacteria and to further promote gas 
trointestinal microbial biodiversity. In one embodiment of 
the present invention, a composition comprising an isolated 
and speci?c antibiotic resistant Bacillus coagulans strain in 
combination With an effective amount of a fructo 
oligosaccharide (P05) in a pharmaceutically acceptable 
carrier suitable for administration to the gastrointestinal 
track of a human or animal is disclosed. In preferred 
embodiments of the present invention, the Bacillus coagu 
lans strain is included in the composition in the form of 
spores, a dried cell mass, in the form of a ?oWable 
concentrate, or in the form of a stabiliZed gel or paste. 

In another embodiment of the present invention, the 
Bacillus coagulans strain is combined With a 
therapeutically-effective dose of an antibiotic. In preferred 
embodiments of the present invention, the Bacillus coagu 
lans strain is combined With a therapeutic concentration of 
antibiotic including, but not limited to: Gentamicin; Vanco 
mycin; OXacillin; Tetracyclines; Nitro?urantoin; Chloram 
phenicol; Clindamycin; Trimethoprim-sulfamethoXasole; a 
member of the Cephlosporin antibiotic family (e.g., 
Cefaclor, CefadroXil, Ce?Xime, CefproZil, CeftriaXone, 
CefuroXime, CephaleXin, Loracarbef, and the like); a mem 
ber of the Penicillin family of antibiotics (e.g., Ampicillin, 
AmoXicillin/Clavulanate, Bacampicillin, CloXicillin, Peni 
cillin VK, and the like); With a member of the Fluoroqui 
nolone family of antibiotics (e.g., Cipro?oXacin, 
Grepa?oXacin, Levo?oXacin, Lome?oXacin, Nor?oXacin, 
O?oXacin, Spar?oXacin, Trova?oXacin, and the like); or a 
member of the Macrolide antibiotic family (e.g., 
AZithromycin, Erythromycin, and the like). 
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Similarly, a therapeutically-effective concentration of an 
anti-fungal agent may also be utilized. Such anti-fungal 
agents include, but are not limited to: ClotrimaZole, 
FluconaZole, ItraconaZole, KetoconaZole, MiconaZole, 
Nystatin, Terbina?ne, TerconaZole, and TioconaZole. 

The aforementioned embodiment involves selectively 
culturing the probiotic bacteria (Which may initially be 
sensitive to the antibiotic of choice) in gradually increasing 
concentrations of antibiotic in order to facilitate the devel 
opment of decreased antibiotic sensitivity or, preferably, 
total antibiotic resistance. It should be noted that this is the 
most preferred embodiment of the present invention due to 
the fact that current FDA (and other governmental agency) 
regulations expressly prohibit the intentional release of 
recombinant antibiotic resistant bacterial strains into the 
environment. Hence, the utiliZation of the antibiotic resistant 
strains of bacteria disclosed in the present invention, pro 
duced through non-recombinant methodologies, Would not 
be violative of these aforementioned regulations. 

Similarly, further embodiments of the present invention 
discloses methodologies for the generation of antibiotic 
resistant strains of lactic acid-producing bacteria by micro 
bial genetic- and recombinant DNA-based techniques. With 
respect to the microbial genetic-based methodology antibi 
otic resistance may be conferred by the “transfer” of genetic 
information from an antibiotic resistant bacterial strain to an 
antibiotic sensitive bacterial strain through plasmid- and 
non-plasmid-mediated genetic transfer. Plasmids are small, 
non-chromosomal, autonomously replicating, circular DNA 
Which often carry the antibiotic resistance genes. For 
example, in one embodiment of the present invention, 
conjugative transposons (i.e., DNA sequences that alloW the 
direct transfer of resistance genes Without a plasmid 
intermediary) may be utiliZed to confer antibiotic resistance 
to an antibiotic sensitive bacterial stain. In another 
embodiment, recombinant DNA-based, plasmid-mediated 
methodologies may also be utiliZed. 

These novel, antibiotic resistant bacterial isolates Will 
then be used in combination With an appropriate antibiotic 
for the mitigation of pathogen-associated disease and/or the 
re-establishment of normal digestive ?ora folloWing the 
administration of antibiotics and/or other agents Which 
deplete the gastrointestinal ecology. Hence, the present 
invention demonstrates that all antibiotic compounds pos 
sess the ability to Work synergistically With an antibiotic 
resistant biorational to increase the overall ef?cacy of anti 
biotic administration, While concomitantly mitigating 
deleterious side-effects. 

In another embodiment of the present invention, the 
bene?cial, antibiotic resistant, lactic acid-producing bacte 
rial strain is co-administered With an anti-fungal agent 
and/or an antibiotic so as to ameliorate the groWth of both 
the mycotic and/or bacterial pathogen. In addition, anti-viral 
agents, as Well as agents Which inhibit the groWth of yeast 
may also be utiliZed, With or Without the concomitant 
administration of an antibiotic. 

In yet another embodiment of the present invention, the 
administration of the bene?cial, lactic acid-producing bac 
terial strain is, by Way of example but not of limitation, 
topical, vaginal, intra-ocular, intra-nasal, intra-otic, buccal, 
and the like. 
2. Use of Probiotic Bacteria to Inhibit Colonization of 
Antibiotic-Resistant Gastrointestinal Pathogens 

Additionally disclosed herein are compositions and meth 
ods of treatment Which exploit the novel discovery that 
speci?c, lactic acid-producing bacteria (e.g., Bacillus 
coagulans) possess the ability to exhibit inhibitory activity 
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in preventing and reducing the coloniZation rates of gas 
trointestinal bacterial infections, particularly those infec 
tions associated With antibiotic resistant pathogens such as 
Enterococccus, Clostridium, Escherichia, and Staphylococ 
cus species, as Well as mitigating the deleterious physiologi 
cal effects of the infection by the pathogen. Exceptionally 
hardy or enteric-coated lactic acid-producing bacterium are 
preferably used, With spore-forming Bacillus species, par 
ticularly Bacillus coagulans, being a preferred embodiment. 
The present invention also discloses therapeutic 
compositions, therapeutic systems, and methods of use for 
the treatment and/or prevention of various pathogenic bac 
terial gastrointestinal tract infections, particularly those 
infections associated With antibiotic-resistant pathogens. 

In one embodiment of the present invention, a therapeutic 
composition comprising a viable, non-pathogenic lactic 
acid-producing bacterium, preferably Bacillus coagulans, in 
a pharmaceutically-acceptable carrier suitable for oral 
administration to the gastrointestinal tract of a human or 
animal, is disclosed. In another embodiment, a Bacillus 
coagulans strain is included in the therapeutic composition 
in the form of spores. In another embodiment, a Bacillus 
coagulans strain is included in the composition in the form 
of a dried cell mass. 

In another aspect of the present invention, a composition 
s comprising an extracellular product of a lactic acid 
producing bacterial strain, preferably Bacillus coagulans, in 
a pharmaceutically-acceptable carrier suitable for oral 
administration to a human or animal, is disclosed. In a 
preferred embodiment, the extracellular product is a super 
natant or ?ltrate of a culture of an isolated Bacillus coagu 
lans strain. 
Another aspect of the invention is a method of preventing 

or treating a bacterial gastrointestinal infection in a human, 
comprising the steps of orally administering to a human 
subject a food or drink formulation containing viable colony 
forming units of a non-pathogenic lactic acid bacterium, 
preferably a Bacillus species and more preferably an isolated 
Bacillus coagulans strain, and alloWing the bacteria to groW 
in the human subject’s gastrointestinal tract. 

In one embodiment of the aforementioned method, the 
step of alloWing the nonpathogenic bacteria to groW, further 
includes inhibiting groWth of antibiotic-resistant Candida 
species, Staphylococcus species, Streptococcus species, 
Proteus species, Pseudomonas species, Escherichia coli, 
Clostridium species, Klebsiella species, and Enterococccus 
species. In a preferred embodiment, the method inhibits 
antibiotic-resistant Pseudomonas aeruginosa, Staphylococ 
cus aureus, Staphylococcus pyogenes, Clostridium 
per?ngens, C lostria'ium di?cile, C lostria'ium botulinum, 
Clostridium tributrycum, Clostridium sporogenes, Entero 
cocecus faecalis, Enterococccus faecium, and various other 
signi?cant species of antibiotic gastrointestinal pathogens or 
combinations thereof. 
One aspect of the invention is a lactic acid-producing 

bacterial composition comprising an isolated Bacillus spe 
cies strain, combined With a pharmaceutically-acceptable 
carrier suitable for oral administration to a human or animal, 
Wherein the isolated Bacillus species strain is capable of 
groWing at temperatures of about 30° C. to about 65° C., 
produces L(+) dextrorotatory lactic acid, produces spores 
resistant to heat up to 90° C., and exhibits competitive, 
antibiotic, or parasitical activity that inhibits or reduces the 
coloniZation rate of the pathogenic bacteria associated With 
gastroenteritis and other signi?cant digestive pathogens. The 
probiotic activity primarily results from vegetative groWth 
of the isolated Bacillus species strain in the gastrointestinal 
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tract of a human or animal. This growth causes a direct 
competition With the pathogenic bacteria, as Well as pro 
ducing an acidic, non-hospitable environment. In yet another 
embodiment, the probiotic activity results from an extracel 
lular product of the isolated lactic acid-producing strain 
produced Within the gastrointestinal. The present invention 
also discloses a therapeutic system for treating, reducing or 
controlling gastrointestinal bacterial infections, particularly 
infections associated With antibiotic-resistant pathogens. 

The present invention provides several advantages. In 
particular, insofar as there is a detrimental effect to the use 
of antibiotics because of the potential to produce antibiotic 
resistant microbial species, it is desirable to have an anti 
microbial therapy Which does not utiliZe conventional anti 
microbial agents. Hence, the present invention does not 
contribute to the production of future generations of 
antibiotic-resistant pathogens. 
3. Use of Probiotic Bacteria in Animals 

It has noW been discovered that parasites and pathogens 
coloniZing the intestinal tract of animals can be inhibited 
and/or controlled by the use of diatomaceous earth in 
combination With the use of a probiotic lactic acid producing 
bacteria. 

The present invention describes compositions, therapeutic 
systems, and methods of use for inhibiting pathogen and/or 
parasite groWth in the gastrointestinal tract and feces of 
animals. A composition of this invention comprises an 
effective amount of diatomaceous earth in combination With 
a non-pathogenic lactic acid—producing bacteria, With 
spore—forming Bacillus species, particularly Bacillus 
coagulans, being a preferred embodiment. 

According to the invention, there is provided a composi 
tion comprising diatomaceous earth in combination With a 
lactic acid—producing bacteria in a pharmaceutically- or 
nutritionally-acceptable carrier suitable for oral administra 
tion to the digestive tract of an animal. In one embodiment 
of the composition, a Bacillus coagulans strain is included 
in the composition in the form of spores. In another 
embodiment, a Bacillus coagulans strain is included in the 
composition in the form of a dried cell mass. In another 
embodiment, a Bacillus coagulans strain is included in the 
composition in the form of a stabiliZed paste. In another 
embodiment, a Bacillus coagulans strain is included in the 
composition in the form of stabiliZed gel. In another 
embodiment, a Bacillus coagulans strain is included in the 
composition in the form of a stabiliZed liquid suspension. 

In one embodiment, the invention contemplates a com 
position comprising diatomaceous earth comprised pre 
dominantly of the Melosira genus, preferably at least 80%. 
In one embodiment, the bacterial is present in the compo 
sition at a concentration of approximately 1><103 to 1><1014 
colony forming units (CFU)/ gram, preferably approximately 
1><105 to 1><1012 CFU/gram, Whereas in other preferred 
embodiments the concentrations are approximately 1><109 to 
1><1013 CFU/gram, approximately 1><105 to 1><107 CFU/g, or 
approximately 1><108 to 1><109 CFU/gram. 

In one embodiment, the bacteria is in a pharmaceutically 
acceptable carrier suitable for oral administration to an 
animal, preferably, as a poWdered food supplement, a variety 
of pelletiZed formulations, or a liquid formulation. In one 
embodiment, the composition further includes an effective 
amount of a bi?dogenic oligosaccharide, such as a short or 
long chain fructo-oligosaccharide (FOS), a gluco— 
oligosaccharide (GOS) or other long—chain oligosaccha 
ride polymer not readily digested by pathogenic bacteria as 
described herein. 

The invention also describes a therapeutic system for 
inhibiting pathogen and/or parasite groWth in the gas 
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trointestinal tract and/or feces of an animal comprising a 
container comprising a label and a composition as described 
herein, Wherein said label comprises instructions for use of 
the composition for inhibiting pathogen and/or parasite 
groWth. 

It should be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are not restrictive of the 
present invention as claimed. 

DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates, in tabular form, a summary of the 
metabolic groWth characteristics and requirements of Bacil 
lus coagulans. 

FIG. 2 illustrates, in tabular form, the ability of Bacillus 
coagulans to inhibit various fungal pathogens, of the Tri 
chophyton species, using an in vitro assay. The ATCC 
Accession Numbers of each fungal strain of the Trichophy 
ton species from the American Type Culture Collection 
(ATCC) are also enumerated herein. 

FIG. 3 illustrates, in tabular form, the ability of Bacillus 
coagulans to inhibit various yeast pathogens, of the Candida 
species, using an in vitro assay. The ATCC Accession 
Numbers of each yeast strain of the Candida species from 
the American Type Culture Collection (ATCC) are also 
enumerated herein. 

FIG. 4 illustrates, in tabular form, Formulations 1—6 of the 
therapeutic compositions of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Unless de?ned otherWise, all scienti?c and technical 
terms used herein have the same meaning as commonly 
understood by those skilled in the relevant art. Unless 
mentioned otherWise, the techniques employed or contem 
plated herein are standard methodologies Well knoWn to one 
of ordinary skill in the art. The examples of embodiments are 
for illustration only. 
The present invention is discloses the recent discovery 

that non-pathogenic, lactic acid-producing bacterial species 
(i.e., “probiotic bacteria”), such as the exemplary Bacillus 
coagulans, may be utiliZed in combination With antibiotic 
compounds or other functional anti-microbial drugs and 
supplements so as to form therapeutic compositions for use 
in ameliorating and/or controlling the coloniZation of patho 
genic bacteria With the gastrointestinal tract of both humans 
and animals. In addition, these non-pathogenic, lactic acid 
producing, probiotic bacteria may be co-administered With 
an anti-fungal agent and/or an antibiotic to ameliorate the 
groWth of the mycotic or bacterial pathogen in question. In 
brief, the present invention utiliZes antibiotic-resistant, non 
pathogenic bacteria to mitigate the groWth and subsequent 
establishment of antibiotic-resistant, pathogenic microbes 
Within, for example, the gastrointestinal tract. Also disclosed 
herein are various therapeutic compositions, methods for 
using said therapeutic compositions, and systems for con 
taining and administering/delivering said therapeutic com 
positions. 

In addition, the present invention the present invention 
also discloses compositions and methodologies for the uti 
liZation of these compositions, comprising non-pathogenic, 
probiotic lactic acid-producing bacteria, in the mitigation of 
the deleterious physiological effects of gastrointestinal tract 
pathogens, including antibiotic-resistant gastrointestinal 
tract pathogens, in both humans and animals, by the colo 
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niZation (or more-correctly, re-coloniZation) of the gas 
trointestinal tract With probiotic microorganisms, following 
the administration of antibiotics, anti-fungal, anti-viral, and 
similar agents. 
1. Antibiotic Administration and Biorational Therapy 

Antibiotics are Widely used to control pathogenic micro 
organisms in both humans and animals. Unfortunately, the 
indiscriminate use of these agents has led to the generation 
of pathogenic bacteria Which frequently exhibit resistance to 
multiple antibiotics. In addition, the administration of anti 
biotics often results in the killing of many of the bene?cial 
microorganisms (i.e., ?ora) Within the gastrointestinal tract 
Which contribute to “normal” gastrointestinal function (e.g., 
digestion, absorption, vitamin production, and the like). 
Accordingly, relapse (the return of infections and their 
associated symptoms) and secondary opportunistic infec 
tions often result from the depletion of Lactobacillus and 
other types of bene?cial microbial ?ora Within the gas 
trointestinal tract. Unfortunately, most, if not all, lactic 
acid-producing or probiotic bacteria are extremely sensitive 
to common antibiotic compounds. Therefore, during a nor 
mal course of antibiotic therapy, many individuals develop 
a number of deleterious physiological side-effects including: 
diarrhea, intestinal cramping, and sometimes constipation. 
These side-effects are primarily due to the non-selective 
action of antibiotics, as antibiotics do not possess the ability 
to discriminate betWeen bene?cial bacteria and pathogenic 
bacteria. Hence, both pathogenic and non-pathogenic bac 
teria are killed by these agents. 
A biorational therapy that includes an antibiotic and an 

appropriate microorganism that is resistant to the selected 
antibiotic Would serve to enhance the ef?cacy of the anti 
biotic (if the antibiotic is used for the purpose of controlling 
a gastrointestinal tract pathogen) and assist in providing a 
digestive environment Which is conducive to the reestab 
lishment of the endogenous lactic acid bacteria and suppress 
the groWth of pathogens. 

It should also be noted that the present invention is not 
limited solely to oral administration of the therapeutic 
compounds disclosed herein. For example, antibiotic and 
anti-fungal resistance is also associated With topical and 
intra-vaginal medications. Thus, in an additional 
embodiment, the co-administration of a lactic acid or other 
bene?cial bacterial culture With a vaginal anti-fungal medi 
cation Would effectively aid in the mitigation of the mycotic 
or bacterial pathogen in question and repopulate the vagina 
and reduce the incidence of relapse. It should be noted that 
it has been demonstrated that the absence of lactic acid 
producing bacteria Within the vagina is the most common 
etiology of vaginal yeast infections and bacterial vaginosis. 

In an additional embodiment, skin creams, lotions, gels 
and the like could similarly contain a bene?cial biorational 
component that Would be effective in controlling pathogenic 
organisms on the skin and further reduce the emergence of 
antibiotic resistant pathogens. By Way of example, but not of 
limitation, the cells, spores or extracellular materials from 
such bene?cial biorational bacteria could be incorporated 
into these skin products for this express purpose. Burn 
patients usually are given antibiotics to reduce the incidence 
of opportunistic infection. Pathogenic Pseudomonas, 
Staphylococcus, and/or Enterococci are frequently associ 
ated With infections of severe burns. Hence, the salves, 
lotions, gels and the like combined With the bene?cial, 
biorational microorganisms or their extracellular products, 
as disclosed in the present invention, Would be effective in 
achieving a state of proper biodiversity to the skin in burn 
cases, as, generally, such biodiversity is not associated With 
pathogenic overgroWth. 
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A further embodiment of the present invention involves 

the utiliZation of probiotic organisms in livestock 
production, in Which antibiotics such as Vancomycin and 
Gentarnicin are commonly used to stimulate health and 
Weight gain. Most, if not all, probiotic organisms are sen 
sitive to these tWo antibiotics and this fact has limited the 
potential use of such microorganisms in the livestock. indus 
try. In addition, there are many environmentally-related 
problems associated With the use of antibiotics in livestock 
production. For example, antibiotic laden animal Waste 
degrades very sloWly and the antibiotic residue can persist, 
further sloWing biodegradation. With the addition of species 
of bacteria that are resistant to Vancomycin, Gentamicin, 
and other antibiotics, biodegradation could actually be 
enhanced. 
2. Probiotic, Lactic Acid-Producing Bacterial Strains 

Abiorational therapy Which includes an antibiotic and an 
appropriate microorganism that is resistant to the selected 
antibiotic serves to both enhance the overall therapeutic 
ef?cacy of the antibiotic (if the antibiotic is used for the 
purpose of controlling a digestive pathogen) and to assist in 
providing a gastrointestinal environment that is conducive to 
the reestablishment of the endogenous lactic acid-producing 
bacteria and to suppress the concomitant groWth of patho 
genic microorganisms. 
As utiliZed herein, “probiotic” refers to microorganisms 

that form at least a part of the transient or endogenous ?ora 
and thereby exhibit a bene?cial prophylactic and/or thera 
peutic effect on the host organism. Probiotics are generally 
knoWn to be clinically safe (i.e., non-pathogenic) by those 
individuals skilled in the art. By Way of example, and not of 
limitation to any particular mechanism, the prophylactic 
and/or therapeutic effect of a lactic acid-producing bacteria 
of the present invention results, in part, from a competitive 
inhibition of the groWth of pathogens due to: their 
superior coloniZation abilities; (ii) parasitism of undesirable 
microorganisms; (iii) the production of lactic acid and/or 
other extracellular products possessing anti-microbial activ 
ity; or (iv) various combinations thereof. It should be noted 
that the aforementioned products and activities of the lactic 
acid-producing bacteria of the present invention act syner 
gistically to produce the bene?cial probiotic effect disclosed 
herein. 
A probiotic bacteria Which is suitable for use in the 

methods and compositions of the present invention: possesses the ability to produce lactic acid; (ii) demonstrates 

bene?cial function Within the gastrointestinal tract; and is 
non-pathogenic. By Way of example and not of limitation, 
many suitable bacteria have been identi?ed and are 
described herein, although it should be noted that the present 
invention is not to be limited to currently-classi?ed bacterial 
species insofar as the purposes and objectives as disclosed. 
The physiochemical results from the in vivo production of 
lactic acid is key to the effectiveness of the probiotic lactic 
acid-producing bacteria of the present invention. Lactic acid 
production markedly decreases the pH (i.e., increases 
acidity) Within the local micro-?oral environment and does 
not contribute to the groWth of many undesirable, 
physiologically-deleterious bacteria and fungi. Thus, by the 
mechanism of lactic acid production, the probiotic inhibits 
groWth of competing pathogenic bacteria. 

Typical lactic acid-producing bacteria useful as a probi 
otic of this invention are ef?cient lactic acid producers Which 
include non-pathogenic members of the Bacillus genus 
Which produce bacteriocins or other compounds Which 
inhibit the groWth of pathogenic organisms. Exemplary 
lactic acid-producing, non-pathogenic Bacillus species 
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include, but are not limited to: Bacillus coagulans; Bacillus 
coagulans Hammer; and Bacillus brevis subspecies coagu 
lans. 

Exemplary lactic acid-producing Lactobacillus species 
include, but are not limited to: Lactobacillus acidophilus, 
Lactobacillus casei, Lactobacillus DDS-1, Lactobacillus 
GG, Lactobacillus rhamnosus, Lactobacillus plantarum, 
Lactobacillus reuteri, Lactobacillus gasserii, Lactobacillus 
jensenii, Lactobacillus delbruekii, Lactobacillus, 
bulgaricus, Lactobacillus salivarius and Lactobacillus 
sporogenes (also designated as Bacillus coagulans). Exem 
plary lactic acid-producing Sporolactobacillus species 
include all Sporolactobacillus species, for example, Sporo 
lactobacillus P44. 

Exemplary lactic acid-producing Bi?diobacterium spe 
cies include, but are not limited to: Bi?diobacterium 
adolescentis, Bi?diobacterium animalis, Bi?diobacterium 
bi?dum, Bi?diobacterium bi?dus, Bi?diobacterium breve, 
Bi?diobacterium infantis, Bi?diobacterium infantus, Bi?d 
iobacterium longum, and any genetic variants thereof. 

Several Bacillus species Which are preferred in the prac 
tice of the present invention, include, but are not limited to 
the lactic acid-producing Bacillus coagulans and Bacillus 
laevolacticus. Various other non-lactic acid-producing 
Bacillus species may be utiliZed in the present invention so 
long as they produce compounds Which possess the ability 
to inhibit pathogenic bacterial or mycotic groWth. Examples 
of such suitable non-lactic acid-producing Bacillus include, 
but are not limited to: Bacillus subtilis, Bacillus 
uni?agellatus, Bacillus lateropsorus, Bacillus laterosporus 
BOD, Bacillus megaterium, Bacillus polymyxa, Bacillus 
licheniformis, Bacillus pumilus, and Bacillus sterothermo 
philus. Other strains that could be employed due to probiotic 
activity include members of the Streptococcus 
(Enterococcus) genus. For example, Enterococcus faecium, 
is commonly used as a livestock probiotic and, thus, could 
be utiliZed as a co-administration agent. It should be noted 
that, although exemplary of the present invention, Bacillus 
coagulans is only utiliZed herein as a model for various other 
acid-producing (e.g., lactic acid) species of probiotic bacte 
ria Which may be useful in the practice of the present 
invention, and therefore is not to be considered as limiting. 
Furthermore, it is also intended that any of the acid 
producing species of probiotic or nutritional bacteria can be 
used in the compositions, therapeutic systems and methods 
of the present invention. 

The Bacillus species, particularly those species having the 
ability to form spores (e.g., Bacillus coagulans), are a 
preferred embodiment of the present invention. The ability 
to sporulate makes these bacterial species relatively resistant 
to heat and other conditions, provides for a long shelf-life in 
product formulations, and is deal for survival and coloniZa 
tion of tissues under conditions of pH, salinity, and the like 
Within the gastrointestinal tract. Moreover, additional useful 
properties of many Bacillus species include being non 
pathogenic, aerobic, facultative and heterotrophic, thus ren 
dering these bacterial species safe and able to readily colo 
niZe the gastrointestinal tract. 

Exemplar methods and compositions are described herein 
using Bacillus coagulans ATCC No. 31284 (and neW vari 
ants or mutants thereof) as a probiotic. Puri?ed Bacillus 
coagulans is particularly useful as a probiotic in the present 
invention as it is generally accepted that the various “clas 
sic” Lactobacillus and/or Bi?diobacterium species are 
unsuitable for coloniZation of the gut due to their instability 
in the highly acidic environment of the gastrointestinal tract, 
particularly the human gastrointestinal tract. In contrast, the 
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preferred Bacillus species of the present invention are able 
to survive and coloniZe the gastrointestinal tract in a highly 
ef?cacious manner. Additionally, probiotic Bacillus coagu 
lans is non-pathogenic and is generally regarded as safe (i.e., 
GRAS classi?cation) by the Us. Federal Drug Administra 
tion (FDA) and the Us. Department of Agriculture 
(USDA), and by those individuals skilled Within the art. 

Because Bacillus coagulans possesses the ability to pro 
duce heat-resistant spores, it is particularly useful for mak 
ing pharmaceutical compositions Which require heat and 
pressure in their manufacture. Accordingly, formulations 
that include the utiliZation viable Bacillus coagulans spores 
in a pharmaceutically-acceptable carrier are particularly 
preferred for making and using compositions disclosed in 
the present invention. 
The groWth of these various Bacillus species to form cell 

cultures, cell pastes, and spore preparations is generally 
Well-knoWn Within the art. It should be noted that the 
exemplary culture and preparative methods Which are 
described herein for Bacillus coagulans may be readily 
utiliZed and/or modi?ed for groWth and preparation of the 
other (lactic) acid-producing bacteria disclosed in the 
present invention. 
3. Characteristics and Sources of Bacillus coagulans 
The Gram positive rods of Bacillus coagulans have a cell 

diameter of greater than 1.0 am With variable sWelling of the 
sporangium, Without parasporal crystal production. Bacillus 
coagulans is a non-pathogenic, Gram positive, spore 
forming bacteria that produces L(+) lactic acid 
(dextrorotatory) under homo-fermentation conditions. It has 
been isolated from natural sources, such as heat-treated soil 
samples inoculated into nutrient medium (see e.g., Bergey’s 
Manual of Systemic Bacteriology, Vol. 2, Sneath, P. H. A. et 
al., eds., Williams & Wilkins, Baltimore, Md., 1986). Puri 
?ed Bacillus coagulans strains have served as a source of 
enZymes including endonucleases (e.g., U.S. Pat. No. 5,200, 
336); amylase (US. Pat. No. 4,980,180); lactase (US. Pat. 
No. 4,323,651) and cyclo-malto-dextrin glucano-transferase 
(US. Pat. No. 5,102,800). Bacillus coagulans has also been 
utiliZed to produce lactic acid (US. Pat. No. 5,079,164). A 
strain of Bacillus coagulans (also referred to as Lactobacil 
lus sporogenes; Sakaguti & Nakayama, ATCC No. 31284) 
has been combined With other lactic acid producing bacteria 
and Bacillus natto to produce a fermented food product from 
steamed soybeans (US. Pat. No. 4,110,477). Bacillus 
coagulans strains have also been used as animal feeds 
additives for poultry and livestock to reduce disease and 
improve feed utiliZation and, therefore, to increase groWth 
rate in the animals (International PCT Pat. Applications No. 
WO 9314187 and No. WO 9411492). In particular, Bacillus 
coagulans strains have been used as general nutritional 
supplements and agents to control constipation and diarrhea 
in humans and animals. 
The puri?ed Bacillus coagulans bacteria utiliZed in the 

present invention are available from the American Type 
Culture Collection (ATCC, Rockville, Md.) using the fol 
loWing accession numbers: Bacillus coagulans Hammer 
NRS 727 (ATCC No. 11014); Bacillus coagulans Hammer 
strain C (ATCC No. 11369); Bacillus coagulans Hammer 
(ATCC No. 31284); and Bacillus coagulans Hammer NCA 
4259 (ATCC No. 15949). Puri?ed Bacillus coagulans bac 
teria are also available from the Deutsche Sarumlung von 
Mikroorganismen und Zellkuturen GmbH (BraunschWeig, 
Germany) using the folloWing accession numbers: Bacillus 
coagulans Hammer 1915 (DSM No. 2356); Bacillus coagu 
lans Hammer 1915 (DSM No. 2383, corresponds to ATCC 
No. 11014); Bacillus coagulans Hammer (DSM No. 2384, 
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corresponds to ATCC No. 11369); and Bacillus coagulans 
Hammer (DSM No. 2385, corresponds to ATCC No. 15949). 
Bacillus coagulans bacteria can also be obtained from 
commercial suppliers such as Sabinsa Corporation 
(PiscataWay, N.] or KK. Fermentation (Kyoto, Japan). 

These aforementioned Bacillus coagulans strains and 
their groWth requirements have been described previously 
(see e.g., Baker, D. et al, 1960. Can. J. Microbiol. 6: 
557—563; Nakamura, H. et al, 1988. Int. J. Svst. Bacteriol. 
38: 63—73. In addition, various strains of Bacillus coagulans 
can also be isolated from natural sources (e.g., heat-treated 
soil samples) using Well-knoWn procedures (see e.g., 
Bergey’s Manual of Systemic Bacteriology, Vol. 2, p. 1117, 
Sneath, P. H. A. et al., eds., Williams & Wilkins, Baltimore, 
Md., 1986). 

It should be noted that Bacillus coagulans had previously 
been mis-characteriZed as a Lactobacillus in vieW of the fact 
that, as originally described, this bacterium Was labeled as 
Lactobacillus sporogenes (See Nakamura et al. 1988. Int. J. 
Syst. Bacteriol. 38: 63—73). HoWever, initial classi?cation 
Was incorrect due to the fact that Bacillus coagulans pro 
duces spores and through metabolism excretes L(+)-lactic 
acid, both aspects Which provide key features to its utility. 
Instead, these developmental and metabolic aspects required 
that the bacterium be classi?ed as a lactic acid bacillus, and 
therefore it Was re-designated. In addition, it is not generally 
appreciated that classic Lactobacillus species are unsuitable 
for coloniZation of the gut due to their instability in the harsh 
(i.e., acidic) pH environment of the bile, particularly human 
bile. In contrast, Bacillus coagulans is able to survive and 
coloniZe the gastrointestinal tract in the bile environment 
and even groWn in this loW pH range. In particular, the 
human bile environment is different from the bile environ 
ment of animal models, and heretofore there has not been 
any accurate descriptions of Bacillus coagulans groWth in 
human gastrointestinal tract models. 

3.1 Culture of Vegetative Bacillus coagulans 
Bacillus coagulans is aerobic and facultative, and is 

typically cultured at pH 5.7 to 6.8, in a nutrient broth 
containing up to 2% (by Wt) NaCl, although neither NaCl, 
nor KCl are required for groWth. ApH of about 4.0 to about 
7.5 is optimum for initiation of sporulation (i.e., the forma 
tion of spores). The bacteria are optimally groWn at 30° C. 
to 45° C., and the spores can Withstand pasteuriZation. 
Additionally, the bacteria exhibit facultative and het 
erotrophic groWth by utiliZing a nitrate or sulfate source. The 
metabolic characteristics of Bacillus coagulans are summa 
riZed in FIG. 1. 

Bacillus coagulans can be cultured in a variety of media, 
although it has been demonstrated that certain groWth con 
ditions are more ef?cacious at producing a culture Which 
yields a high level of sporulation. For example, sporulation 
is demonstrated to be enhanced if the culture medium 
includes 10 mg/l of MgSO4 sulfate, yielding a ratio of spores 
to vegetative cells of approximately 80:20. In addition, 
certain culture conditions produce a bacterial spore Which 
contains a spectrum of metabolic enZymes particularly 
suited for the present invention (i.e., production of lactic 
acid and enZymes for the enhanced probiotic activity and 
biodegradation). Although the spores produced by these 
aforementioned culture conditions are preferred, various 
other compatible culture conditions Which produce viable 
Bacillus coagulans spores may be utiliZed in the practice of 
the present invention. 

Suitable media for the culture of Bacillus coagulans 
include: PDB (potato dextrose broth); TSB (tryptic soy 
broth); and NB (nutrient broth), Which are all Well-knoWn 
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Within the ?eld and available from a variety of sources. In 
one embodiment of the present invention, media supple 
ments Which contain enZymatic digests of poultry and/or ?sh 
tissue, and containing food yeast are particularly preferred. 
Apreferred supplement produces a media containing at least 
60% protein, and about 20% complex carbohydrates and 6% 
lipids. Media can be obtained from a variety of commercial 
sources, notably DIFCO (NeWark, N.J.); BBL 
(Cockeyesville, Md.); Advanced Microbial Systems 
(Shakopee, Minn.); and Troy Biologicals (Troy, Md. 

In a preferred embodiment of the present invention, a 
culture of Bacillus coagulans Hammer bacteria (ATCC No. 
31284) Was inoculated and groWn to a cell density of about 
1><108—109 cells/ml in nutrient broth containing: 5.0 g Pep 
tone; 3.0 g Meat Extract; 10—30 mg MnSO4 and 1,000 ml 
distilled Water, the broth Was then adjusted to pH 7.0. The 
bacteria Were cultured by utiliZation of a standard airlift 
fermentation vessel at 30° C. The range of MnSO4 accept 
able for sporulation Was found to be 1.0 mg/l to 1.0 g/l. The 
vegetative bacterial cells can actively reproduce up to 65° 
C., and the spores are stable up to 90° C. 

FolloWing culture, the Bacillus coagulans Hammer bac 
terial cells or spores Were collected using standard methods 
(e.g., ?ltration, centrifugation) and the collected cells and 
spores may subsequently be lyophiliZed, spray dried, air 
dried or froZen. As described herein, the supernatant from 
the cell culture can be collected and used as an extracellular 
agent secreted by Bacillus coagulans Which possesses anti 
microbial activity useful in a formulation of this invention. 
A typical yield obtained from the aforementioned culture 

methodology is in the range of approximately 1><109 to 
1><1013 viable cells/spores and, more typically, approxi 
mately 1><1011 to 1.5><1011 cells/spores per gram prior to 
being dried. It should also be noted that the Bacillus coagu 
lans spores, folloWing a drying step, maintain at least 90% 
viability for up to 7 years When stored at room temperature. 
Hence, the effective shelf-life of a composition containing 
Bacillus coagulans Hammer spores at room temperature is 
approximately 10 years. 

3.2 Preparation of Bacillus coagulans Spores 
Alternately, a culture of dried Bacillus coagulans Ham 

mer bacteria (ATCC No. 31284) spores Was prepared as 
folloWs. Approximately 1><107 spores Were inoculated into 
one liter of culture medium containing: 24 g (Wt./vol.) potato 
dextrose broth; 10 g of an enZymatic-digest of poultry and 
?sh tissue; 5 g of fructo-oligosaccharides (F05); and 10 g 
MnSO4. The culture Was maintained for 72 hours under a 
high oxygen environment at 37° C. so as to produce a culture 
having approximately 15><101O cells/gram of culture. The 
culture Was then ?ltered to remove the liquid culture 
medium and the resulting bacterial pellet Was resuspended in 
Water and lyophiliZed. The lyophiliZed bacteria Were ground 
to a ?ne “poWder” by use of standard good manufacturing 
practice (GMP) methodologies. 
It should be noted that the most preferred embodiment of the 
present invention utiliZes Bacillus coagulans in spore, rather 
than vegetative bacterial form. 

3.3 Preparation of B. coagulans Extracellular Products 
Although the primary focus of the present invention is 

upon the utiliZation of lactic acid-producing probiotic bac 
teria in the form of vegetative cells or spores, an additional 
embodiment utiliZes extracellular products comprising a 
supernatant or ?ltrate of a culture of a Bacillus coagulans 
strain for the prevention and/or control of infections caused 
by bacterium, fungi, yeast, and virus, and combinations 
thereof. Extracellular products of Bacillus coagulans may 
also be included in compositions such as foods and liquids 
to be fed to infants. 
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One liter cultures of Bacillus coagulans Was prepared as 
described in Section 5.1, except that the fructo 
oligosaccharide (FOS) Was omitted. The culture Was main 
tained for 5 days as described, at Which time FOS Was added 
at a concentration of 5 g/liter, and the culture Was continued. 
Subsequently, 20 ml of carrot pulp Was then added at day 7, 
and the culture Was harvested When the culture became 
saturated (i.e., no substantial cell division). 

The culture Was ?rst autoclaved for 30 minutes at 250° F., 
and then centrifuged at 4000 rpm. for 15 mm. The resulting 
supernatant Was collected and ?ltered in a Buchner funnel 
through a 0.8 pm ?lter. The ?ltrate Was collected and further 
?ltered through a 0.2 pm Nalge vacuum ?lter. The resulting 
?nal ?ltrate Was then collected (an approximate volume of 
900 ml) to form a liquid containing an extracellular product 
Which may be further puri?ed and/or quantitatively analyZed 
by use of various methodologies Which are Well-known 
Within the art. 
4. Bi?dogenic Oligosaccharides 

Bi?dogenic oligosaccharides, as designated herein, are a 
class of carbohydrates particularly useful for preferentially 
promoting the groWth of a lactic acid-producing bacteria of 
the present invention. These oligosaccharides include, but 
are not limited to: fructo-oligosaccharides (FOS); gluco 
oligosaccharides (GOS); other long-chain oligosaccharide 
polymers of fructose and/or glucose; and the trisaccharide— 
raf?nose. All of these aforementioned carbohydrates are not 
readily digested by pathogenic bacteria. Thus, the preferen 
tial groWth of lactic acid-producing bacteria is promoted by 
the utiliZation of these bi?dogenic oligosaccharides due to 
the nutrient requirements of this class of bacterium, as 
compared to pathogenic bacteria. 

Bi?dogenic oligosaccharides are long chain polymers that 
are utiliZed almost exclusively by the indigenous Bi?dobac 
teria and Lactobacillus in the intestinal tract and can be 
similarly utiliZed by Bacillus. In contrast, physiologically 
deleterious bacteria such as Clostridium, Staphylococcus, 
Salmonella and Escherichia coli cannot metaboliZe FOS, or 
other bi?dogenic oligosaccharides, and therefor use of these 
bi?dogenic oligosaccharides in combination With a lactic 
acid-producing bacteria of the present, preferably Bacillus 
coagulans, alloWs these bene?cial, probiotic bacteria to 
groW and effectively compete With, and eventually replace 
any undesirable, pathogenic microorganisms Within the gas 
trointestinal tract. 

The use of bi?dogenic oligosaccharides in the composi 
tions of the present invention provides a synergistic effect 
thereby increasing the effectiveness of the probiotic 
containing compositions disclosed herein. This synergy is 
manifested by selectively increasing the ability of the pro 
biotic bacterium to groW by, for example, increasing the 
level of nutrient supplementation Which preferentially 
selects for groWth of the probiotic bacteria over many other 
bacterial species Within the infected tissue. 

In addition, it is readily understood that Bi?dobacteria 
and Lactobacillus are also producers of lactic acid. Bi? 
dogenic oligosaccharides enable these aforementioned pro 
biotic organisms to proliferate preferentially over the unde 
sirable bacteria Within the gastrointestinal tract, thereby 
augmenting the probiotic state of the body by further 
enhancing the solubility of these nutrients (Whether of food 
origin or as a result of nutritional supplement augmentation). 
Thus, the presence of the bi?dogenic oligosaccharides in the 
compositions of the present invention alloWs for more 
effective microbial inhibition by increasing the ability of all 
varieties of probiotic bacteria to groW, and therefore provide 
said bene?t. 
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The bi?dogenic oligosaccharide of the present invention 

may be used either alone, or in combination With a lactic 
acid-producing microorganisms in a therapeutic composi 
tion. More speci?cally, due to the groWth promoting activity 
of bi?dogenic oligosaccharides, the present invention con 
templates a composition comprising a bi?dogenic oligosac 
charide present in a concentration suf?cient to promote the 
groWth of lactic acid-producing microorganisms. As shoWn 
herein, these concentrations amounts can vary Widely, as the 
probiotic microorganisms Will respond to any metabolic 
amount of nutrient oligosaccharide, and therefore the 
present invention need not be so limited. 

Apreferred and exemplary bi?dogenic oligosaccharide is 
FOS, although other carbohydrates may also be utiliZed, 
either alone or in combination. FOS can be obtained from a 
variety of natural sources, including commercial suppliers. 
As a product isolated from natural sources, the components 
can vary Widely and still provide the bene?cial agent, 
namely FOS. FOS typically has a polymer chain length of 
from about 4 to 200 sugar units, With the longer lengths 
being preferred. For example, the degree of purity can vary 
Widely so long as biologically-functional FOS is present in 
the ?nal formulation. Preferred FOS formulations contain at 
least 50% by Weight of fructo-oligosaccharides compared to 
simple(mono or disaccharide) sugars such as glucose, fruc 
tose or sucrose, preferably at least 80% fructo 
oligosaccharides (FOS), more preferably at least 90% and 
most preferably at least 95% FOS. Sugar content and 
composition can be determined by any of a variety of 
complex carbohydrate analytical detection methods as is 
Well knoWn. Preferred sources of FOS include, but are not 
limited to: inulin; Fruta?t IQTM (Imperial Suiker Unie; Sugar 
Land, Tex.); NutraFloraTM (Americal Ingredients, Inc.; 
Anaheim, Calif); and Fruittrimfat Replacers and SWeeten 
ers (Emeryville, Calif.). Bi?dogenic oligosaccharides such 
as GOS, and other long chain oligosaccharides are also 
available from commercial vendors. 
5. Diatomaceous Earth 

Diatomaceous earth is the skeletal remains of single cell 
aquatic plants knoWn as diatoms Which are typically rela 
tively uniform in composition, depending upon the source of 
the deposit and the component species of diatoms present in 
the deposit. Diatomaceous earth is characteriZed as having a 
silica content, a characteristic morphological shape, depend 
ing upon the species, and an average siZe of from about 5 to 
20 microns in diameter. 

Different species of diatoms in diatomaceous earth pro 
vide a diverse range of shapes, providing different degrees 
of sharp and/or spiny edges Which When contacted With 
insects, parasites and small microorganisms pierce the pro 
tective coatings of the target parasite/pathogen. Diatoma 
ceous earth is included in a therapeutic composition of this 
invention in a Wide variety of concentrations, depending 
upon the manner of administration. Typical compositions 
contain from about 0.1 to 99% Weight of diatomaceous earth 
per Weight (W/W) of composition. For concentrated single 
dose uses, a high content of diatomaceous earth is used, 
typically 5 to 50% W/W, and preferably about 5 to 10% W/W. 
For continuous feed applications, a moderate to loW content 
of diatomaceous earth is used, typically 0.5 to 10% W/W, and 
preferably 1 to 5% W/W. 
A preferred diatomaceous earth for use in a composition 

of the present invention has a loW ash content, typically less 
than 1% W/W, a loW amorphous silica content, typically less 
than 1% W/W, and a loW volconoclastic sediment, typically 
less than 1% W/W. Insofar as a preferred diatomaceous earth 
has the further property of presenting sharp and/or spiny 
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edges to damage the external protective surfaces of the 
parasite/pathogen to be inhibited. Diatom shapes are Well 
characterized in art, and the spiny, sharp character can be 
easily observed by microscopic examination of the diatoms. 
By observation and quantitative analysis, one can readily 
determine the proportions of the component diatoms in the 
diatomaceous earth. A preferred diatomaceous earth con 
tains a high content of abrasive diatoms. A particularly 
preferred diatomaceous earth contains Melosira diatoms, 
and preferably is comprised of at least 50% W/W Melosira 
diatoms, more preferably at least 70% W/W Melosira 
diatoms, and most preferably at least 80% Melosira diatoms. 

Diatomaceous earth can be obtained from a variety of 
sources. Typically, any diatom deposit is a source of diato 
maceous earth. Commercial suppliers routinely mine, char 
acteriZe and provide different grades of diatomaceous earth. 
A particularly preferred supplier of diatomaceous earth rich 
in Melosira diatoms is the CR Minerals Corporation, 
Golden, Colo. 
6. Methods of Producing or Enhancing Antibiotic Resistance 
As previously discussed, the present invention discloses 

methodologies for the selection, isolation, and culturing of 
antibiotic-resistant strains of lactic acid-producing bacteria 
be used as concomitantly administered biorational agents. 
These embodiments may be predicated upon: selectively 
culturing the probiotic bacteria (Which may initially be 
sensitive to the antibiotic of choice) in gradually increasing 
concentrations of antibiotic of choice in order to facilitate 
the development of decreased antibiotic sensitivity or, 
preferably, antibiotic resistance; (ii) utiliZing “conjugative 
transposons” (i.e., DNA sequences that alloW the direct 
transfer of resistance genes Without a plasmid intermediary) 
to confer antibiotic resistance to an antibiotic sensitive 
bacterial stain; and (iii) utiliZing plasmids (i.e., small, non 
chromosomal, autonomously replicating, circular DNA 
Which often naturally possess antibiotic resistance genes) 
possessing genes conferring resistance to the antibiotic of 
choice Which are generated by standard Recombinant DNA 
based techniques. 

It should be noted, hoWever, that the most preferred 
embodiment of the present invention utiliZes the selective 
culturing of the probiotic bacteria in gradually increasing 
concentrations of antibiotic of choice in order to facilitate 
the development of decreased antibiotic sensitivity or, 
preferably, antibiotic resistance. This embodiment, Which 
Will be more fully discussed beloW, is preferred due to the 
fact that current FDA and other governmental agency regu 
lations expressly prohibit the intentional release of “man 
made” (e.g., recombinant) antibiotic resistant bacterial 
strains into the environment. Hence, the utiliZation of the 
antibiotic resistant strains of bacteria disclosed in the present 
invention, produced through the non-recombinant-based, 
selective culture-based methodology, Would not be violative 
of these aforementioned regulations. It should be noted, 
hoWever, that the preference of this embodiment is not 
intended to be limiting, but rather re?ects current regulations 
governing this ?eld of endeavor. Should these regulations be 
modi?ed, or if neW regulations are promulgated, the inven 
tors fully intend to utiliZe all methodologies disclosed herein 
to practice the present invention in the most efficacious 
manner possible. 

Bacillus coagulans (strain ATCC Accession No. 31284) 
Was assayed for antibiotic resistance/sensitivity utiliZing the 
Kirby-Bauer agar dilution method (see e.g., Bergey’s 
Manual of Systemic Bacteriology, Vol. 2, Sneath, P. H. A. et 
al., eds., Williams & Wilkins, Baltimore, Md., 1986). This 
methodology demonstrated that this Bacillus coagulans 
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strain Was susceptible to Piperacillin, Trimethoprim 
Sulfamethoxasole, Ampicillin, Cipro?oxacin, 
Erythromycin, Vancomycin, Gentamicin, and Oxacillin and 
Was intermediate With respect to Clindamycin and Tetracy 

cline. Speci?cally, by Vitek, the MICs Were found to be: Ampicillin—2; (ii) Penicillin G—0.12; (iii) Vancomycin— 

<0.5; (iv) Nitrofurantoin—<32; (v) Nor?oxacin—<4; (vi) 
Chloramphenicol—8; (vii) Clindamycin—>8 (resistant); 
and Tetracycline—>16 (resistant). Bacillus coagulans 
(strain ATCC Accession No. 31284) possesses natural resis 
tance to the antibiotics Clindamycin and Tetracycline. 

Subsequently, each prospective microorganism Was then 
screened, utiliZing the aforementioned methodology, for 
antibiotic sensitivity. Media and agars Which Were speci?c 
for each prospective bacteria Were mixed With sub-lethal 
levels of the desired antibiotic compound. For example, 
DIFCO Trypticase Soy Agar (TSA) containing a sub-lethal 
level of Vancomycin Was prepared. The media/antibiotic 
mixture Was then steriliZed by steam autoclaving, ethylene 
oxide, or ioniZing radiation (i.e., Gamma Processing) in 
cases Where the antibiotic in question Was sensitive to 
extreme heat. Petri dishes containing the agar/antibiotic 
mixture Were poured and the prospective microorganisms 
(selected from a single colonies) Were streaked on these 
plates. 

Surviving (i.e., viable) bacterial colonies Were then 
selected and transferred to neW antibiotic-containing media 
in Which the concentration of the selected antibiotic Was 
gradually increased to therapeutic levels. At each stage of 
the selection process, surviving colonies of Bacillus coagu 
lans Were selected and transferred to neW media until 
therapeutic level antibiotic resistance is established. 
7. Probiotic Activity of Bacillus coagulans 

It is Well-documented clinically that many species of 
bacterial, mycotic and yeast pathogens possess the ability to 
cause a variety of gastrointestinal disorders including, but 
not limited to: disruption of normal gastrointestinal bio 
chemical function, necrosis of gastrointestinal tissues, and 
disruption of the bioabsorption of nutrients, and like condi 
tions. Therefore, the utiliZation of the probiotic 
microorganism-containing compositions of the present 
invention inhibits these pathogens are useful in the prophy 
lactic or therapeutic treatment of conditions associated With 
infection by these aforementioned pathogens. 

7.1 Anti-microbial Probiotic Activity 
The ability of Bacillus coagulans to inhibit various bac 

terial pathogens Was quantitatively ascertained by use of an 
in vitro assay. This assay is part of a standardiZed bacterial 
pathogen screen (developed by the US. Food and Drug 
Administration(FDA)) and is commercially available on 
solid support disks (DIFCO® BACTROL® Antibiotic 
Disks). To perform the assay, potato-dextrose plates 
(DIFCO®) Were initially prepared using standard proce 
dures. The plates Were then individually inoculated With the 
bacteria (approximately 1.5><106 CPU) to be tested so as to 
form a con?uent bacterial bed. 

Inhibition by Bacillus coagulans Was subsequently ascer 
tained by placing approximately 1.8><106 CFU of Bacillus 
coagulans in 10 ul of broth or buffer, directly in the center 
of the potato-dextrose plate With one test locus being 
approximately 8 mm in diameter per plate. A minimum of 
three test loci Were used for each assay. The negative control 
consisted of a 10 ul volume of a sterile saline solution, 
Whereas the positive control consisted of a 1 ul volume of 
glutaraldehyde. The plates Were then incubated for approxi 
mately about 18 hr at 30° C., at Which time the Zones of 
inhibition Were measured. As designated herein, “excellent 
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inhibition” means the Zone Was 10 mm or greater in diam 
eter; and “good inhibition” means the Zone Was greater than 
2 mm in diameter but less than 10 mm in diameter. 
As expected, no “inhibition” Was seen With the negative, 

saline control, and excellent “inhibition” (approximately 
16.2 mm diameter; average of three tests) Was seen With the 
positive, glutaraldehyde control. For the enteric microorgan 
isms tested, the folloWing inhibition by Bacillus coagulans 
Was found: Clostridium species—excellent inhibition; (ii) 
Escherichia coli—excellent inhibition; (iii) Clostridium 
species—excellent inhibition, Where the Zone of inhibition 
Was consistently greater than 15 mm in diameter. Similarly, 
excellent inhibition Was also seen for the opportunistic 
pathogens Pseudornonas aeruginosa, and Staphylococcus 
aureus. In summation, pathogenic enteric bacteria Which 
Were shoWn to be inhibited by Bacillus coagulans activity 
include, but are not limited to: Staphylococcus aureus; 
Staphylococcus epidermidis; Streptococcus pyogenes; 
Pseudomonas aeruginosa; Escherichia coli 
(enterohemorragic species); numerous Clostridium species 
(e.g., Clostridium per?ngens, Clostridium botulinum, 
Clostridium tributrycum, Clostridium sporogenes, and the 
like); Gardnereia vaginails; Proponbacterium aenes; Aero 
monas hydrophia; Aspergillus species; Proteus species; and 
Klebsiella species. 

7.2 Anti-Mycotic Probiotic Activity 
The ability of Bacillus coagulans to inhibit various fungal 

pathogens Was demonstrated using an in vitro assay. The 
tested fungal strains of Trichophyton species are available 
from the American Type Culture Collection (ATCC; 
Rockville, Md.) and their ATCC accession numbers are 
illustrated in FIG. 2. 

In the assay, potato-dextrose plates (DIFCO®, Detroit, 
Mich.) Were prepared using standard procedures and Were 
inoculated individually With a con?uent bed (about 1.7><106) 
of various species of the fungus Trichophyton. Inhibition by 
Bacillus coagulans Was ascertained by placing on the plate 
approximately 1.5><106 colony forming units (CFU) in 10 ul 
of broth or buffer, plated directly in the center of the 
potato-dextrose plate, With one test locus per plate. The siZe 
of each test locus Was approximately 8 mm in diameter and 
a minimum of three tests Were performed for each inhibition 
assay. The negative control consisted of a 10 ml volume of 
sterile saline solution, Whereas the positive control consisted 
of a 10 ml volume 2% MiconaZole (1-[2-(2,4 
dichlorophenyl)-2-[(2,4-dichlorophenyl)methoxylmethyl-1, 
11-imidaZole Within an inert cream. 
The plates Were then incubated for approximately 18 hr at 

30° C., at Which time the Zones of inhibition Were measured. 
As designated herein, “excellent inhibition” means the Zone 
Was 10 mm or greater in diameter; and “good inhibition” 
means the Zone Was greater than 2 mm in diameter, but less 
than 10 mm in diameter. 

The results of in vitro inhibition by Bacillus coagulans are 
illustrated in FIG. 2. For each of the Trichophyton species 
tested, the disease condition associated With an infection is 
indicated in column 2 of FIG. 2. For comparison, no Zone of 
inhibition Was seen With the negative control, Whereas good 
inhibition (approximately 8.5 mm diameter, mean average 
of three tests) Was seen With the positive control. 

7.3 Probiotic Inhibition of Yeast 
Similarly, the ability of Bacillus coagulans to inhibit 

various yeast pathogens Was demonstrated in vitro for four 
species of Candida, all of Which are available from the 
American Type Culture Collection (ATCC; Rockville, Md.) 
With their ATCC accession numbers illustrated in FIG. 3. 

In the assay, potato-dextrose plates (DIFCO®, Detroit, 
Mich.) Were prepared using standard procedures and Were 
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inoculated individually With a con?uent bed about 1.7><106 
of the four species of Candida. Inhibition by B. coagulans 
Was tested by placing on the plate about 1.5><106 colony 
forming units (CFU) in 10 ul of broth or buffer, plated 
directly in the center of the potato-dextrose plate With one 
test locus of about 8 mm in diameter per plate. A minimum 
of three tests Were performed for each inhibition assay. The 
negative control consisted of a 1 ml volume of a sterile 
saline solution, Whereas the positive control consisted of a 1 
ml volume of MiconaZole cream. 
The plates Were then incubated for approximately 18 hr at 

30° C., at Which time the Zones of inhibition Were measured. 
As designated herein, “excellent inhibition” means the Zone 
Was 10 mm or greater in diameter; and “good inhibition” 
means the Zone Was greater than 2 mm in diameter, but less 
than 10 mm in diameter. 
The results of the in vitro tests are shoWn in FIG. 3 With 

the pathological conditions in humans associated With infec 
tion by the Candida species shoWn in column 2. As expected, 
no inhibition Was seen With the negative control and good 
inhibition (approximately 8.7 mm diameter; average of three 
tests) Was seen With the positive control. 
8. Therapeutic Compositions 

8.1 Anti-Microbial Agent-Containing Therapeutic Com 
pounds 

It should be noted that although Bacillus coagulans is 
utiliZed herein as a preferred exemplary probiotic species, by 
virtue of the common physiological characteristics Which 
are indigenous to all lactic acid-producing bacteria, other 
species of these lactic acid-producing bacteria may be 
effectively in the methods and/or therapeutic compositions 
disclosed in the present invention. Preferred, exemplary 
formulations of the therapeutic compositions of the present 
invention are set forth in FIG. 4. 
The cells/spores can be presented in a variety of compo 

sitions suited for oral administration to the gastrointestinal 
tract, directed at the objective of introducing the bacteria to 
tissues of the gastrointestinal tract. Therapeutic composi 
tions of the present invention are, for example, comprised of 
a lactic acid-producing bacteria strain, preferably vegetative 
Bacillus coagulans, Bacillus coagulans spores, or combina 
tions thereof Which are a co-administrated With a selected 
agents Which possesses the ability to ameliorate infections 
Which have a bacterial, fungal, and/or yeast etiology. In the 
aforementioned embodiment, the active lactic acid 
producing bacteria species of the present invention comprise 
approximately 0.1% to 50% by Weight of the ?nal compo 
sition and, preferably, approximately 1% to 10% by Weight, 
contained Within a formulation suitable for oral administra 
tion. More speci?cally, the therapeutic composition of the 
present invention may contain, Within a 350 mg dosage 
formulation, for example, approximately 2><106 to 1><101O 
colony forming units (CFU) of viable, lactic acid-producing 
vegetative bacteria or bacterial spores (in the case of Bacil 
lus coagulans). 
The formulation for a therapeutic composition of the 

present invention may also include other probiotic agents or 
nutrients Which promote spore germination and/or bacterial 
groWth. A particularly preferred material is a bi?dogenic 
oligosaccharide, Which promotes the groWth of bene?cial 
probiotic bacteria as previously described, supra. Bi? 
dogenic oligosaccharides (e.g., fructo-oligosaccharide 
(FOS) or gluco-oligosaccharide (GOS)) may be utiliZed in 
various combinations, depending upon the speci?c formu 
lation. The preferred therapeutic composition includes 
approximately 10 to 200 mg of bi?dogenic oligosaccharide, 
and most preferably a concentration of approximately 100 to 
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500 mg of bi?dogenic oligosaccharide per unit of the 
therapeutic composition. Additionally, the therapeutic com 
position of the present invention may include other probiotic 
agents or nutrients for promoting groWth, as Well as other 
physiologically-active constituents Which do not interfere 
With the overall therapeutic ef?cacy of the other active 
agents contained Within the therapeutic composition. 

In another embodiment of the present invention, the 
Bacillus coagulans strain is combined With a 
therapeutically-effective dose of an (preferably, broad 
spectrum) antibiotic. The therapeutic composition of the 
present invention may also contain approximately 1 to 
approximately 250 mg of the selected antibiotic per unit of 
therapeutic composition. In preferred embodiments of the 
present invention, the Bacillus coagulans strain is combined 
With a therapeutic dose of an antibiotic such as Gentamicin; 
Vancomycin; Oxacillin; Tetracyclines; Nitro?urantoin; 
Chloramphenicol; Clindamycin; Trimethoprim 
Sulfamethoxasole; a member of the Cephlosporin antibiotic 
family (e.g., Cefaclor, Cefadroxil, Ce?xime, CefproZil, 
Ceftriaxone, Cefuroxime, Cephalexin, Loracarbef, and the 
like); a member of the Penicillin family of antibiotics (e.g., 
Ampicillin, Amoxicillin/Clavulanate, Bacampicillin, 
Cloxicillin, Penicillin VK, and the like); With a member of 
the Fluoroquinolone family of antibiotics (e.g., 
Cipro?oxacin, Grepa?oxacin, Levo?oxacin, Lome?oxacin, 
Nor?oxacin, O?oxacin, Spar?oxacin, Trova?oxacin, and the 
like); or a member of the Macrolide antibiotic family (e.g. 
AZithromycin, Erythromycin, and the like). 

In another embodiment of the present invention, the 
Bacillus coagulans strain is combined With a 
therapeutically-effective dose of an anti-fungal agent. The 
therapeutic composition of the present invention may also 
contain approximately 1 to 250 mg of the selected anti 
fungal agent per unit of therapeutic composition. Typical 
anti-fungal agents Which may be utiliZed include, but are not 
limited to: ClotrimaZole, FluconaZole, ItraconaZole, 
KetoconaZole, MiconaZole, Nystatin, Terbina?ne, 
TerconaZole, TioconaZole, and the like. 

In a preferred embodiment, Bacillus coagulans spores, a 
therapeutically-effective concentration of an antibiotic, anti 
fungal, etc., and, if so desired, various other components 
(e.g., bi?dogenic oligosaccharide, binders, etc.) are encap 
sulated into an enterically-coated, time-released capsule or 
tablet. The enteric coating alloWs the capsule/tablet to 
remain intact (i.e., undisolved) as it passes through the 
gastrointestinal tract, until such time as it reaches the small 
intestine. Similarly, the time-released component prevents 
the “release” of the Bacillus coagulans spores for a pre 
determined time period Which, preferably, Will coincide With 
the end of the antibiotic treatment period as the antibiotic 
prevents the spores from geminating until such time as the 
serum levels drop to a substantially loW level. Once the 
antibiotic regimen is completed, the Bacillus coagulans 
spores germinate and this microorganism becomes the pri 
mary resident ?ora of the gastrointestinal tract, due to the 
killing-off of the previous resident ?ora by the antibiotic. 

In addition, the vegetative Bacillus coagulans microor 
ganisms do not adhere to the intestinal epithelium. Thus 
(Without a repeat dosage), the bacteria remain in the gas 
trointestinal tract for maximal time of approximately 10 
days and are considered to be a transient ?ora. The relatively 
rapid gastrointestinal-clearance time and inability to adhere 
to the gastrointestinal epithelium of Bacillus coagulans, has 
the advantage of preventing the later development of bac 
teremia in (for example) immunocompromised individuals. 

The therapeutic compositions of the present invention 
may also include knoWn antioxidants, buffering agents, and 
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other agents such as coloring agents, ?avorings, vitamins or 
minerals. For example, a preferred therapeutic composition 
may also contain one or more of the folloWing minerals: 
calcium citrate (15—350 mg); potassium gluconate (5—150 
mg); magnesium citrate (5—15 mg); and chromium picolli 
nate (5—200 ug). In addition, a variety of salts may be 
utiliZed, including calcium citrate, potassium gluconate, 
magnesium citrate and chromium picollinate. Thickening 
agents may be added to the compositions such as 
polyvinylpyrrolidone, polyethylene glycol or carboxymeth 
ylcellulose. Preferred additional components of a therapeu 
tic composition of this invention can include assorted col 
orings or ?avorings, vitamins, ?ber, enZymes and other 
nutrients. Preferred sources of ?ber include any of a variety 
of sources of ?ber including, but not limited to: psyllium, 
rice bran, oat bran, corn bran, Wheat bran, fruit ?ber and the 
like. Dietary or supplementary enZymes such as lactase, 
amylase, glucanase, catalase, and the like enZymes can also 
be included. Chemicals used in the present compositions can 
be obtained from a variety of commercial sources, including 
Spectrum Quality Products, Inc (Gardena, Calif.), Sigma 
Chemicals (St. Louis, Mo.), SeltZer Chemicals, Inc., 
(Carlsbad, Calif.) and Jarchem Industries, Inc., (Newark, 
NJ 
The various active agents (e.g., probiotic bacteria, 

antibiotics, anti-fungal agents, bi?dogenic oligosaccharides, 
and the like) are combined With a carrier Which is physi 
ologically compatible With the gastrointestinal tissue of the 
species to Which it is administered. Carriers can be com 
prised of solid-based, dry materials for formulation into 
tablet, capsule or poWdered form; or the carrier can be 
comprised of liquid or gel-based materials for formulations 
into liquid or gel forms. The speci?c type of carrier, as Well 
as the ?nal formulation depends, in part, upon the selected 
route(s) of administration. 
The therapeutic composition of the present invention may 

also include a variety of carriers and/or binders. Apreferred 
carrier is micro-crystalline cellulose (MCC) added in an 
amount sufficient to complete the one gram dosage total 
Weight. Particularly preferred formulations for a therapeutic 
composition of this invention Will be described, infra. Car 
riers can be solid-based dry materials for formulations in 
tablet, capsule or poWdered form, and can be liquid or 
gel-based materials for formulations in liquid or gel forms, 
Which forms depend, in part, upon the routes of adminis 
tration. 

Typical carriers for dry formulations include, but are not 
limited to: trehalose, malto-dextrin, rice ?our, micro 
crystalline cellulose (MCC) magnesium sterate, inositol, 
FOS, GOS, dextrose, sucrose, and like carriers. Where the 
composition is dry and includes evaporated oils that produce 
a tendency for the composition to cake (adherence of the 
component spores, salts, poWders and oils), it is preferred to 
include dry ?llers Which distribute the components and 
prevent caking. Exemplary anti-caking agents include MCC, 
talc, diatomaceous earth, amorphous silica and the like, and 
are typically added in an amount of from approximately 1% 
to 95% by Weight. It should also be noted that dry formu 
lations Which are subsequently rehydrated (e.g., liquid 
formula) or given in the dry state (e.g., cheWable Wafers, 
pellets or tablets) are preferred to initially hydrated formu 
lations. Dry formulations (e.g., poWders) may be added to 
supplement commercially available foods (e.g., liquid 
formulas, strained foods, or drinking Water supplies). 
Similarly, the speci?c type of formulation depends upon the 
route of administration. 

Suitable liquid or gel-based carriers include but are not 
limited to: Water and physiological salt solutions; urea; 
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alcohols and derivatives (e.g., methanol, ethanol, propanol, 
butanol); glycols (e.g., ethylene glycol, propylene glycol, 
and the like). Preferably, Water-based carriers possess a 
neutral pH value (i.e., pH 7.0). The compositions may also 
include natural or synthetic ?avorings and food-quality 
coloring agents, all of Which must be compatible With 
maintaining viability of the lactic acid-producing microor 
ganism. Well-knoWn thickening agents may also be added to 
the compositions such as corn starch, guar gum, xanthan 
gum, and the like. Where a liquid-based composition con 
taining spores is provided, it is desirable to include a spore 
germination inhibitor to promote long term storage. Any 
spore germination inhibitor may be used. By Way of 
example and not of limitation, preferred inhibitors include: 
hyper-saline carriers, methylparaben, guargum, 
polysorbates, preservatives, and the like. 

Preservatives may also be included Within the carrier 
including methylparaben, propylparaben, benZyl alcohol 
and ethylene diamine tetraacetate salts. Well-knoWn ?avor 
ings and/or colorants may also be included Within the carrier. 
The compositions of the present invention may also include 
a plasticiZer such as glycerol or polyethylene glycol (With a 
preferred molecular Weight of MW=800 to 20,000). The 
composition of the carrier can be varied so long as it does not 
interfere signi?cantly With the pharmacological activity of 
the active ingredients or the viability of the Bacillus coagu 
lans spores. 
A composition can be formulated to be suitable for oral 

administration in a variety of Ways, for example in a liquid, 
a poWdered food supplement, a paste, a gel, a solid food, a 
packaged food, a Wafer, and the like. Other formulations Will 
be readily apparent to one skilled in the art. 

Anutrient supplement component of a composition of this 
invention can include any of a variety of nutritional agents, 
as are Well knoWn, including vitamins, minerals, essential 
and non-essential amino acids, carbohydrates, lipids, 
foodstuffs, dietary supplements, and the like. Preferred com 
positions comprise vitamins and/or minerals in any combi 
nation. Vitamins for use in a composition of this invention 
can include vitamins B, C, D, E, folic acid, K, niacin, and 
like vitamins. The composition can contain any or a variety 
of vitamins as may be deemed useful for a particularly 
application, and therefore, the vitamin content is not to be 
construed as limiting. Typical vitamins are those, for 
example, recommended for daily consumption and in the 
recommended daily amount (RDA), although precise 
amounts can vary. The composition Would preferably 
include a complex of the RDA vitamins, minerals and trace 
minerals as Well as those nutrients that have no established 
RDA, but have a bene?cial role in healthy human or 
mammal physiology. The preferred mineral format Would 
include those that are in either the gluconate or citrate form 
because these forms are more readily metaboliZed by lactic 
acid bacteria. In a related embodiment, the invention con 
templates a composition comprising a viable lactic acid 
bacteria in combination With any material to be adsorbed, 
including but not limited to nutrient supplements, foodstuffs, 
vitamins, minerals, medicines, therapeutic compositions, 
antibiotics, hormones, steroids, and the like compounds 
Where it is desirable to insure ef?cient and healthy absorp 
tion of materials from the gastrointestinal track into the 
blood. The amount of material included in the composition 
can vary Widely depending upon the material and the 
intended purpose for its absorption, such that the invention 
is not to be considered as limiting. Other components of the 
compositions of the present invention can be a bi?dogenic 
oligosaccharide, as described herein. 
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By Way of example, and not of limitation, Bacillus 

coagulans spores may be incorporated into any type of dry 
or lyophiliZed product Which is dissolved or mixed With hot 
Water, so long as the temperature of the Bacillus coagulans 
spore-containing mixture is raised to the required heat-shock 
temperature (i.e., 80° C. for 5 minutes) necessary for ger 
mination of the spores. The Bacillus coagulans spores may 
either be incorporated into the dry or lyophiliZed product by 
the manufacturer of the product or by the consumer during 
preparation. These dry or lyophiliZed product include, but 
are not limited to: tea bags, coffee (e.g., “freeze-dried” or 
ground), sWeeteners (e.g., synthetic (NutraSWeet®) and 
natural); hot cereal (e.g., oatmeal, Cream of Wheat®, and 
the like), hot beverage condiments/?avorings and creamers, 
and the like. 

In another speci?c embodiment, Bacillus coagulans 
spores may be utiliZed as a dry or lyophiliZed product, or 
incorporated into a cheWable tablet, toothpaste, mouthWash, 
oral drops, and the like in order to inhibit the formation of 
dental caries, gingivitis, and other forms of periodontal 
disease. Similarly, Bacillus coagulans spores may be 
incorporated, With or Without anti-microbial agents, cheW 
able tablet, toothpaste, mouthWash, oral drops, and the like 
in order to treat oral infections caused by yeast (i.e., “rush”), 
Herpes simplex I (i.e., cold sores), and various other infec 
tions caused by oral pathogens. 

In yet another speci?c embodiment, the Bacillus coagu 
lans vegetative bacterial cells/spores may incorporated into 
an aqueous solution (e.g., physiological saline) for admin 
istration as a colonic, via an enema or the like) so as to 
directly administer the probiotic bacteria to the colon. This 
method of administration is highly ef?cacious for utiliZation 
of vegetative bacterial cells as they are not exposed to the 
highly acidic environment of the stomach as is the case 
during oral administration. 

8.2 Therapeutic Compositions Methods for Treating Bac 
terial Infections 
The present invention contemplates a method for treating, 

reducing or controlling gastrointestinal bacterial infections 
using the therapeutic composition or therapeutic system 
disclosed herein. The disclosed methods of treatment func 
tion so as to inhibit the groWth of the pathogenic bacteria 
Which are associated With gastrointestinal infections, as Well 
as to concomitantly mitigate the deleterious physiological 
effects/symptoms of these pathogenic infections. 

Probiotic lactic acid bacterium, preferably Bacillus 
coagulans, are generally regarded as safe by those skilled 
Within the art (i.e., GRAS Certi?ed by the FDA) and, 
therefore, suitable for direct ingestion in food stuffs or as a 
food supplement. The methods of the present invention 
comprise administration of a therapeutic composition con 
taining a viable lactic acid-producing bacteria to the gas 
trointestinal tract of a human or animal, to treat or prevent 
bacterial infection. Administration is preferably made using 
a liquid, poWder, solid food and the like formulation com 
patible With oral administration, all formulated to contain a 
therapeutic composition of the present invention by use of 
methods Well-knoWn Within the art. 
The methods of the present invention includes adminis 

tration of a composition containing lactic acid-producing 
bacterial cells (i.e., vegetative bacterial cells) and/or spores 
or isolated Bacillus coagulans extracellular products (Which 
contains a metabolite possessing antibiotic-like properties) 
to a human or animal, so as to treat or prevent the coloni 
Zation of antibiotic-resistant pathogens With the gastrointes 
tinal tract. In particular, for VRE, VISA, PRP, and other 
pathogens, the methods includes administering to the 
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patient, for example, Bacillus coagulans in food or as a food 
supplement. Oral administration is preferably in an aqueous 
suspension, emulsion, poWder or solid, either already for 
mulated into a food, or as a composition Which is added to 
food by the user prior to consumption. Administration to the 
gastrointestinal tract may also be in the form of an anal 
suppository (e.g., in a gel or semi-solid formulation). All 
such formulations are made using standard methodologies. 

Administration of a therapeutic composition is preferably 
to the gastrointestinal tract using a gel, suspension, aerosol 
spray, capsule, tablet, poWder or semi-solid formulation 
(e. g., a suppository) containing a therapeutic composition of 
the present invention, all formulated using methods Well 
knoWn Within the art. Administration of the compositions 
containing the active probiotic lactic acid-producing bacte 
rium Which is effective in preventing or treating a pathogenic 
bacterial infection, generally consist of one to ten dosages of 
approximately 10 mg to 10 g of the therapeutic composition 
per dosage, for a time period ranging from one day to one 
month. Administrations are (generally) once every tWelve 
hours and up to once every four hours. In the preferred 
embodiment, tWo to four administrations of the therapeutic 
composition per day, of approximately 0.1 g to 5 g per dose, 
for one to seven days. This preferred dose is suf?cient to 
prevent or treat a pathogenic bacterial infection. Of course, 
the speci?c route, dosage and timing of the administration 
Will depend, in part, upon the particular pathogen and/or 
condition being treated, as Well as the extent of said condi 
tion. 

Apreferred embodiment of the present invention involves 
the administration of from approximately 1><103 to 1><1014 
CFU of viable, vegetative bacteria or spore per day, more 
preferably from approximately 1x105 to 1x101‘), and most 
preferably from approximately 5><108 to 1><109 CFU of 
viable, vegetative bacteria or spores per day. Where the 
condition to be treated involves antibiotic-resistant digestive 
pathogens and the patient is an adult, the typical dosage is 
approximately 1><102 to 1><1014 CFU of viable, vegetative 
bacteria or spores per day, preferably from approximately 
1><108 to 1x101‘), and more preferably from approximately 
2.5><108 to 1><101O CFU of viable, vegetative bacteria or 
spores per day. Where the condition to be treated is Sudden 
Infant Death Syndrome (SIDS) and the patient is an infant 
over 6 months old, the dosage is typically 1><106 to 1x109, 
preferably from approximately 5><104 to 2.5><105, and more 
preferably from approximately 1.5><105 to 2><105 CFU of 
viable, vegetative bacteria or spores per day. 

In addition, the present invention contemplates a method 
Which comprises oral administration of a composition that 
contains from approximately 10 mg to 20 g of a bi?dogenic 
oligosaccharide, preferably a fructo-oligosaccharide (FOS), 
per day, preferably from approximately 50 mg to 10 g, and 
more preferably from approximately 150 mg to 5 g per day, 
to preferentially promote the groWth of the probiotic lactic 
acid-producing bacterium over the groWth of the pathogen. 
The method can be combined With treatment methods using 
a probiotic lactic acid-producing bacterium as described 
herein. 

The present invention further contemplates a therapeutic 
system for treating, reducing and/or controlling pathogenic 
bacterial infections. Typically, the system is in the form of a 
package containing a therapeutic composition of the present 
invention, or in combination With packaging material. The 
packaging material includes a label or instructions for use of 
the components of the package. The instructions indicate the 
contemplated use of the packaged component as described 
herein for the methods or compositions of the invention. 
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By Way of example, and not of limitation, a system can 

comprise one or more unit dosages of a therapeutic compo 
sition according to the present invention. Alternatively, the 
system can alternately contain bulk quantities of a therapeu 
tic composition. The label contains instructions for using the 
therapeutic composition in either unit dose or in bulk forms 
as appropriate, and may also include information regarding 
storage of the composition, disease indications, dosages, 
routes and modes of administration and the like information. 

Furthermore, depending upon the particular contemplated 
use, the system may optionally contain either combined or 
in separate packages one or more of the folloWing compo 
nents: bi?dogenic oligosaccharides, ?avorings, carriers, and 
the like components. One particularly preferred embodiment 
comprises unit dose packages of Bacillus spores for use in 
combination With a conventional liquid product, together 
With instructions for combining the probiotic With the for 
mula for use in a therapeutic method. 

9. UtiliZation of the Therapeutic Compositions of the 
Present Invention in the Treatment of Bacterial Gastroen 
teritis 

Several microbial species have been quantitatively ascer 
tained as the etiology for the vast majority of food-borne 
gastrointestinal infection (i.e., bacterial gastroenteritis), With 
Campylobacter jejuni-mediated campylobacteriosis being 
the most commonly reported (46%) cause of bacterial gas 
troenteritis in the United States, folloWed in prevalence by 
Salmonella typhimurium-mediated salmonellosis (28%); 
shigellosis (17%); and Escherichia coli O157 infection 
(5%). In addition, it is quite possible that various Salmonella 
and Shigella species may eventually acquire antibiotic resis 
tance (i.e., Metacillin or Vancomycin) in that same manner 
in Which Enterococci originally acquired antibiotic resis 
tance from Staphylococcus aureus. 

Although the methodologies disclosed in the present 
invention are equally applicable to the therapeutic interven 
tion of all forms of bacterial gastroenteritis, by Way of 
example and not of limitation, the folloWing discussion Will 
be primarily limited to the utiliZation of these methodologies 
in the treatment of Campylobacter jejuni-mediated bacterial 
gastroenteritis. 

Campylobacter jejuni Was ?rst identi?ed as a human 
gastrointestinal tract (i.e., diarrheal) pathogen in 1973. As 
previously stated, in 1996, 46% of all laboratory-con?rmed 
cases of bacterial gastroenteritis reported to the Centers for 
Disease Control and Prevention (CDC) Were caused by 
Campylobacter species. In the United States alone, an esti 
mated 2.1 to 2.4 million cases of human campylobacteriosis 
occur each year. See e.g., Tauxe, R. V. Epidemiology of 
Campylobacter jejuni infections in the United States and 
other industrial nations. In: Campylobacter jejuni: current 
and future trends. P. 9—13 (Nachamkin, I. and Tompkins L. 
S., editors; American Society for Microbiology; 1992). Less 
frequently, Campylobacter jejuni infections have also been 
reported to cause bacteremia, septic arthritis, and various 
other extraintestinal pathology. See e.g., Peterson, M. C., 
1994. Wes. J. Med. 161: 148—152. In addition, an increasing 
proportion of human infections caused by Campylobacter 
jejuni are resistant to anti-microbial therapy. The mishan 
dling of raW poultry and consumption of undercooked 
poultry are the major risk factors for human campylobacte 
riosis. 

Deaths from Campylobacter jejuni-related infections are 
relatively rare, and occur primarily in infants, the elderly, 
and individuals With underlying illnesses. For example, the 
incidence of campylobacteriosis in HIV-positive/AIDS 
patients is markedly higher than in the general population. In 














